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5 KETOLIDE ANTIBACTERIALS 

This application claims priority under 35 USC § 119 from Serial Nos. 
60/131,383 filed April 28, 1999, 60/172, 159, filed December 17, 1999, 60/129,729, 
filed April 16, 1999, 60/172,154 filed December 17, 1999 and 60/140,175 filed June 
10 1 8, 1 999. The contents of these applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention relates to a series of ketolide antibacterials in the macrolide 
15 family, intermediates used in their manufacture and pharmaceutical compositions 

containing them. The compounds are erythromycin analogues useful in the treatment 
of bacterial and protozoal infections and in the treatment of other conditions involving 
gastric motility. 

20 BACKGROUND OF THE INVENTION 

Polyketides are a family of natural products that include many compounds 
possessing antibiotic and other pharmacologic properties. Erythromycins are a class of 
macrolide antibiotics origihaiy discovered in 1952 in the nietabblic products of a 
25 strain of Streptomyces ei^hrejiisl T^e aritibibtic occurs in various glycosylated forms, 
■ desighat(^ A, B, C an(f O'^uicte th^ir discovery, hkX^ wbric^ 

derivatives of the molecule to improve or modify its. properties. The focus of iriuch of 
... thjLS v^ork involved chemical modification of the naturally produced erythromycin 
molecule. This work has produced a number of derivatives including the semi- 
30 :synthetic antibiotic, clarithrpmycih, which is 6-O-metliylerythromycin. 12,1 1 

i oxycarbonyl substituted imino chemical derivatives of erythromycin are described in 
US patent 5,635,485. However, because of the complexity of the macrolide molecule, 
medicinal chemistry efforts to produce derivatives have been limited by the kinds of 
modifications that can be made to the naturally occurring products. 
35 * ' ; ; 

Recently, work surrotmditig the search for modified polyketide antibiotics 
expanded with the discovery and isolation of the modular polyketide synthases . 
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5 (PKS's); multifiinctional enzymes related to fatty acid synthases, which catalyze the 
biosynthesis of polyketides through repeated reactions between acylthioesters to 
produce the polyketide chain. The entire biosynthetic gene cluster from S. erythraea 
has been mapped and sequenced by Donadio et al. in Industrial Microorganisms: 
Basic and Applied Molecular Genetics (1993) R.H. Baltz, G.D. Hegeman, and P.L. 

10 Skatrud (eds.) (Amer. Soc. Microbiol.) and the entire PKS is a modular assembly of 
three multifunctional proteins encoded by three separate genes. U.S. Patent 5,672,491 
discloses the use of cells transformed >yith recombinant vectors encoding a variety of 
PKS gene clusters, which ban be used to produce a variety of active polyketides. The 
vectors can include native or hybrid combinations of PKS subunits, or mutants 

15 thereof, to produce a variety of polyketide compounds. Cell-free systems which effect 
the production of polyketides employing modular polyketide synthases are reported in 
WO 97/02358. ' ' - ' ' • ^ ' v - - ^ • : 

Using these techniques, production of erythromycin analogues in which C-13 
20 bears a substitution other than the natural ethyl group have been reported, for example 
in WO 98/01571, WO 99/35157, WO 99/03986, arid W^ WO 98/0156 

describes a hybrid modular PKS gene for varying the nature of the starter and 
extender units to synthesize novel polyketides, including erythromycin analogues. U. 
S. Patent Nos. 5,824,513 and 6,004,787 fiirther describe methods to produce 
25 polyketide structures by introiiucirig specific genetic alterations to genes encoding ~ 
PKS in the EryA sequence of S, erythraea. 

The present invention is concerned with novel chemical derivatives of 
unnatural erythromycin analogues prepared by manipulation of the modular PKS gene 
30 clusters. 
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SLJMMARY pF THE INVENTION 




This invention is concerned with new compounds of the formula J: 



wherein: . 

15 X is H, F, CI, Br, or I; 

R2 is selected from H,-COCH3 and -COPhpnyl; . 

is selected from H and -O-R, where is substituted or unsubstituted alkyl (C,- 
C,o), substituted or xmsubstituted alkenyl (Q^Cio), or substituted or unsubstituted 
alk)myl(C2-C,p) ; _ ^ .. . * , . 

20 R,3 is selected from H, (C,^ 1-alkynyl (Cj-Cg), 

substimted (C, - C8)alkyl, and -CH2-R" where.R" is selected from H, (C, - Cg) alkyl, 
substituted (Cj - C8)alkyl, cycloalkyl, alkenyl (C2- Cg), alkynyl (Cj-Cg), aryl, 
substituted-aryl, (C, - Cg) alkylaryl, heterocyclo, and substituted heterocyclo; 
, provided that R, 3 can not be ethyl; 

25 R is selected from H, aryl, substituted-aryl, heterocyclo, substituted-heterocyclo, 
cycloalkyl, Cj-Cg-alkyl and Cj-Cg-alkenyl optionally substituted with one or more 
substituents selected from the group of aryl, substituted-aryl, heterocyclo, substituted- 
heterocyclo, hydroxy, Cj-C^-alkoxy; 

and the pharmaceutically acceptable salts, esters and pro-drug forms thereof. 

30 

Listed below are definitions of various terms used to describe this invention. 
These definitions apply to the terms as they are used throughout this specification, 
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5 unless otherwise limited in specific instances, either individually or as part of a larger 
group. 

The term "alkyl" refers to straight or branched chain linsubstituted 
hydrocarbon groups of the specified number of caibon atoms. 

The term "substituted ^Ikyl" refers io an alkyl grbup substituted by, for 
exiniple, one to four substituents, such as, halo, triifluoromethyi; trifluoromethoxy, 
hydroxy, alkoxy, cycloalkyloxy, heterocylooxy, oxo, alkanoyl, arylbxy, alkanoyloxy, 
amino, alkylamino, arylamino, aralkylamino, cycloalkylamino, heterocycloamino, 

15 disubstituted amines in which the 2 amino substituents are selected from alkyl, aryl or 
aralkyl, alkanoylamihe, aroylaminb, aralkanbylamino, substituted alkanbylamino, 
substituted arylamino, substituted aralkanoylamino, thiol, alkylthio, arylthio, 
aralkylthio, cycloalkylihib, heterbcycl'othio, alkylthioiio, arylthiono, aralkylfhiono, 
alkylsulfonyl, arylsulfonyl, aralkylsulifohyl, sulfonamido (e.g. SOjNHj), substituted 

20 sulfonamido, nitro, cyano, carboxy; carbaniyl (e.g. CONHj) isubstituted catbamyl 
(e.g.CONH alkyl, CONH aryl, CONiH arilkyl or cases where there are two 
substituents on the nitrogen selected from alkyl, aryl or aralkyl), alkoxycarbonyl, aryl, 
substituted aryl, giianidiho arid heterocycles, such as iridblyl, imidazolyl, fiiryl, 
thienyl, thiazolyl, pyrrolidyl, pyridyi, pyriihidyl and the like, ^^ere hbted above 

25 where the siibstitueiif is fmther substituted it will be wilh'halbgen, alkyl, alkoxy, aryl 
oraralkyi/ 

The temi "halogen'* or "halo" refers to fluorine, chlorine, bromine axid iodine. 

30 The terih "aryl" refers to monocyclic or bicyclic aroniatic hydrbCarbbn groups 

having 6 to 12 carbon atonis in the ring portion, such as phenyl, naipthyl, and biphenyl 
groups, each of which may be substituted. 

The term "alkylaryl" or "aralkyl" refers to an aryl group bonded directly 
35 through an alkyl group, such as benzyl; 
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5 The term "substituted aryl" refers to an aryl group substituted by, for example, 

one to four substituents such as alkyl; substituted alkyl, halo, trifluoromethoxy, 
trifluoromethyl, hydroxy, alkoxy, cycloalkyloxy, heterocyclooxy, alkanoyl, 
alkanoyloxy, amino, alkylamino, aralkylamino, cycloalkylamino, heterocycloamino, 
dialkylamino, alkanoylamino, thiol, alkylthio, cycloalkylthio, heterocyclothio, ureido, 
10 nitro, cyano, carboxy, carboxyalkyl, carbamyl, alkoxycarbonyl, alkylthiono, 

arylthiqno, alkysulfpn^l, sulfpnamido, aryloxy and the like. The.substituent may be 
further substituted, by, halo, hydroxy, alkyl, alkoxy, a|yl, substituted aryl, substituted 
alkyl or aralkyl. . . . . „ 

15 The tenn "cycloalkyr refers to optionally sub^^ 

hydrocarbon ring systems, preferably containing 1 to 3 rings and 3 to 7 carbons per 

ring which may be further fused with an unsaturated C3-C7 carbocyclic ring. 

Exemplary groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
, . cycloheptyl, cyclooctyl, cyclodecyl, cyclododecyl, and adamantyl. Exemplary 
20 substituents include pne or more alkyl groups as described above, or one or more 

groups described above as alkyl substitutents... 

The terms "heterpcycle", "heterocyclic" and "heterocyclp" refer to an 
. pptipn^lly substituted, full>^ saturated or xinsaturated , aromatic or nonarpmatic cyclic 
25 group, for example, which is a 4 to 7 member^ mpnpcycUc, 7 to 1 1 menibered 
bicyclic, or 10 to 15 membered tricyclic ring system, which has at least one 
heteroatom in at least one carbon atom-containing ring. Each ring of the heterocyclic 
. group containing a heteroatom may have 1?;2 or 3 heteroatoms selected from nitrogen 
atoms, oxygen atoms and sulfur atoms, where the nitrogen and sulfiu" heteroatoms 
30 may also qptipnally be oxidized and the nitrogen heteroatoms may also optionally be 
quaterni;z.ed, The heterocyclic group may be, attached at any heteroatom or carbon 
atom. 



Exemplary monocyclic heterocyclic groups include pyrrolidinyl, pyrrolyl, 
35 indolyl, pyrazolyl, oxetanyl, pyrazolinyl, iniidazolyl, imidazolinyl, imidazolidinyl, 
oxazolyl, oxazolidinyl, isoxazolinyl, isoxazolyl, thizaolyl, thiadiazolyl, thiazolidinyl, 
isothiazolyl, isothiazolidinyl, furyl, tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl, 
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5 piperazinyl, 2-oxopiperazinyl, 2-oxopiperi.dinyl, 2-oxopyrrolidinyl, 2-oxazepinyl, 

azepinyl, 4-piperidonyi; pyridinyl, N-6xo-pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, 
tetrahydropyraiiyl, tetrahydrothiopyrahyl, tetrahydrothiopyranyl sulfone, morpholinyl, 
thiomorpholinyl, thiomorphoiinyl sulfoxide, thiomorpholinyl sulfone, 1,3-dioxolane 
and tetrahydro-l, 1-dioxothienyl, dioxanyl, isothiazolidinyl, thietanyl, thiiranyl, 
10 triazinyl, and triazolyl, and the like. Preferred heterocyclo groups include pyridinyl, 
pyrazinyl, pyrimidinyl, pyrroyi, pyrazolyl, imidazolyl, thiazolyl, oxazolyl, isoxazolyl, 
thiadiazolyl, oxadiazolyl, thienyl, fiiranyl, quinolinyl, isoquinolinyl, and the like. 

Exemplary bicychc heterocyclic groups include benzothiazolyl, benzoxazolyl, 
15 benzothienyl, quinuclidinyl, quinolinyl, quinolinyl-N-oxide, tetrahydroisoquinolinyl, 
isoquinolinyl, benzimidazolyl, benzopiyranyl, indolizinyl, benzofuryl, chromonyl, 
coumarinyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridinyl, furopyridinyl (such 
as furo[2,3-c]pyridinyl, furo[3,2-b]pyridinyl), or furo[2,3-b]pyridinyl), 
imidazopyridinyl (such as imidazo[4,5-b]pyridinyl or imidazo[4,5-c]pyridinyl), 
20 ditiydroisoindolyl, dihydroquinazolinyl (such as 3,4-dihydro-4-oxo-quinazolinyl), 
benzisothiazoiyl, benzisoxazolyl, benzodiazinyl, benzofiirazanyl, benzothiopyranyl, 
benzotriazolyi, benzpyrazolyl, dihydrobenzofuryl, dihydrobenzothienyl, 
dihydrobenzothiopyranyl, dihydrobenzothiopyranyl sulfone, dihydrobenzopyranyl, 
indolinyi, isochromanyl, isoindolinyl, naphthyridinyl, phthalazinyl, piperonyl, 
25 purinyl, pyridopyridyl, quinazolinyl, tetrahydroquinohnyl, thienofuryl, thienopyridyl, 
thienothienyl, and the like. 

"Substituted heterocyclo" refers to heterocycle substituted by one to four 
substituents. Exemplary substituents include one or more alkyl groups as described 
30 above or one or more groups described above as alkyl substituents. Substituted- 
heterocyclo may be substituted with a mono-oxo to give for example a 4-oxo-lH- 
quinoline. Substituted-heterocyclo may also be substituted with a substituted-aryl or a 
second substituted-heterocyclo to give for example a 4-phenylimidazol-l-yl or a 4- 
(pyridin-3-yl)-imidazol-l -yl. 

35 

The following substituted heterocyclo groups are particularly preferred 
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10 The compounds of the invention are those of formula I as set forth above, as 

well as any stereoisomeric forms of these compounds as shown. The particular 
stereoisomers depicted are those resulting from the preferred method of synthesis set 
forth above and exemplified herein; however, by modifying the expression system for 
the PKS, or by altering the chirality of the diketide, or by synthetic chemical 

15 conversion, other stereoisomers may also be prepared. Additional chiral centers may 
be present in the substituents, such as and R,3. the stereoisomers may be 
administered as mixtures, or individual stereoisomers may be separated and utilized as 
is known in the art, 

20 The compounds are expected to possess antibacterial activity against Gram 

positive, Gram negative, and anaerobic bacteria due to their novel structure, and are 
expected to be usefil as broad spectrum antibacterial agents for the treatment of 
bacterial infections in himians and ammals. These compoimds are particularly 
expected to have antimicrobial activity against S. aureus, S. epidermidis, S. 

25 pneumoniae, S. pyogenes, enterococci, Moraxella catarrhalis and H. influenzae. 
These compounds are particularly expected to be useful in the treatment of 
community-acquired pneumonia, upper and lower respiratory tract inifections, skin 
and soft tissue infections, meningitis, hospital-acquired lung infections, and bone and 
joint infections. 

Also included in the present invention are compounds useful as intermediates 
for producing the compounds of the present invention. Such intermediate compounds 
include those of the formula: 
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10 




15 



Wherein X, and Rj3 are as described above, and is hydrogen or a hydroxyl 
protecting group, such as acetyl, benzoyl, or trimethylsilyl. Other intermediates 
included within the scope of this invention are those of the formula: 



20 




Wherein X, R^ and Rj3 are as described aiSove, arid Rj is hydrogen or a hydroxyl 
protecting group, siich as acetyl, benzoyl, or trimethylsilyl. 

30 DETAILED DESCMPTION" 

Preferred compounds are those of Formula I wherein: 
XisHorF; ^ ' ^ ' 

R, is as described above, 
35 Rfi is selected from H and (C^ - Cg) alkoxy; 

R,3 is selected from H, (C, - Cg) alkyl, 1-alkenyl (C2-C8) (particularly vinyl), 1- 
' alkynyl (C.-Cg), haloaUcyl, and -CHj-R" where R" is selected from H, (C, - Cg) alkyl, 
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5 haloalkyl , 1-alkenyl (C.-Cg), 1-alkynyl (Cj-Cg), phenyl, and (C, - Cg) alkylphenyl 
(such as benzyl and phenethyl); 
provided that can not be ethyl; 

R is selected from H, aryl, substituted-aryl, heterocyclo, substituted-heterocyclo, 
cycloalkyl, Cj-Cg-alkyl and C^-Cg-alkenyl optionally substituted with one or more 
10 substituents selected from the group of aryl, substituted-aryl, heterocyclo, substituted- 
heterocyclo, hydroxy, Ci-Cg-alkoxy; 

and the pharmaceutically acceptable salts, esters and pro-drug forms thereof. 

Particularly preferred groups for R include H, phenyl, Cj-Cg-alkyl or CpCg- 
15 alkenyl optionally substituted with one or more substituents selected froin the group 
of phenyl, hydroxy, and the following substituted heterocyclo groups. 




Another group of preferred compounds are those of the formula I wherein: 
XisHorF; 

Rj is as described above, 
25 Rg is O-R3 where R, is substituted or unsubstituted alkyl (C,-C,o), substituted or 

un^ubstituted alkenyl (Cj-Q,p), or substituted or unsubstituted alkynyl(C2-C|o) ; 

R,3 is selected from H, (Cj - Cg) alkyl, l-alk;enyl (Cj-Cg) (particularly vinyl), 1- 

aUcynyl (Cj-Cg), haloalkyl, and -CHj-R" where R" is selected from H, (C, - Cg) alkyl, 

haloalkyl , 1-alkenyl (Cj-Cg), 1-alkynyl (C2-Cg), phenyl, and (C, - Cg) alkylphenyl 
30 (such as benzyl and phenethyl); , ...... 

provided that R13 can not be ethyl; 

RisH; 

and the pharmaceutically acceptable salts, esters and pro-drug forms thereof. 

35 Particularly preferred groups for R, include optionally substituted 3-(quinohn- 

3-yl)prop-2-enyl, optionally substituted 3-(quinolin-3-yl)prop-2-ynyl, optionally 
substituted 3-(quinolin-6-yl)prop-2-enyl, optionally substituted 3-(quinolin-6-yl)prop- 
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5 2-ynyl, optionally substituted 3-(quinolin-7-yl)prop-2-enyl, optionally substituted 3- 
phenylprop-2-enyl, optionally substituted 3-(naphth-l-yl)prop-2-enyl, optionally 
substituted 3-(naphth- 1 -yl)prop-2-ynyl, optionaUy substituted 3-(naphth-2-yl)prop-2- 
enyl, optionally substituted 3-(naphth-2-yl)prop-2-ynyl, optionally substituted 5- 
phenylpent-4-en-2-ynyl, optionally substituted 3-(fur-2-yl)prop-2-ynyl, optionally 

10 substituted 3-(thien-2-yl)prop-2-enyl, optionally substituted 3-(carbazol-3-yl)prop-2- 
enyl, and optionally substituted 3-(quinoxalin-6-yl)prop-2-enyl. 

The preferred compounds of this invention may be prepared according to the 
following reaction schemes: 

15 
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5 The preferred compounds of the invention wherein is hydrogen may be 

prepared according to the following reaction scheme: 

Scheme 4 

o 1 



10 



15 



20 



25 



30 
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The starting macrolide intermediates, 4 and 5, may be prepared by methods 
described in U.S. Patent 5,672,491, hereby incorporated by reference into the present 
application. In one embodiment, modifieci erythromycin intermediates, 4 and 5, may 
be prepared by a method in which an appropriate thioester diketide substrate is 

10 provided to 6-deoxyerythronolide B synthase (DEBS) that is unable to act on its 
natural substrate (propionyl Co A) due to a mutation* in the ketosynthase domain of 
module 1 of DEBS. This recombinant DEBS ;can be expressed in the organism that 
natively produces erythromycin, Saccharopolyspora erythraea, or the entire gene 
cluster can be inserted by plasmid in a suitable host such as S. coelicolor (Jacobsen et 

15 al, Science 277:367-369 (1997)) or S. lividans, preferably an 5. coelicolor or 5. 

lividans which has been modified to delete its endogeneous actinorhodin polyketide 
synthesis mechanism. A suitable host would be S. coelicolor CH999/pJRJ2, which 
expresses a mutant 6-DEB synthase having an inactivated module 1 ketosynthase. 

20 A cell free system as described ih WO97/02358 may also be employed by 

producing the relevant PKS proteins recombinantly and effecting their secretion or 
lysing the cells containing them. A typical cell-free system would include the 
appropriate PKS, NADPH and an appropriate buffer and substrates required for the 
catalytic synthesis of polyketides. 

25 '^y 

Further, the appropriate thioester diketide substrate can be provided to PKS 
enzymes other than the 6-DEB synthase of Sa&^haropolyspora erythraea. Other PKS 
enzymes include the 6-DEB synthase of Micromonospora megalomicea and its KS1° 
derivative described in USSN 60/158305, the oieandolide PKS and its KSl^ 
30 derivative described in PCT application No. US 99/24478, and the narbonolide PKS 
and its KSr derivative described in PCT publication No. WO 99/61599, all 
incorporated by reference herein. 

For those macrolide intermediates, 4 and 5, where R|3 is methyl, no diketide 
35 feeding is required because the desired aglycohe may be produced by the recombinant 
host cell Streptomyces coelicolor CH999/pCK7, as further described herein. 



BNSDOCID: <WO 0062783A2_L> 



wo Oa/62783 PCT/USOO/10276 

..Of-. 

-18- 



5 The resulting aglycones thiis prepared are then added to the fermentation broth 

of Saccharopolyspora erythrdea strains which chemically glycosylate at the 3 and 5 
positions, hydroxy late at C- 1 2 , and optionally hydroxylate at the 6 posi tion,- 
depending on the strain employed. 

10 The modified erythromycins of the invention, in addition to modification at 

C- 1 3, contain an -OH gfoUp at position 6 unless -^H is replaced by H or OR, as 
described above. To cdnstnict, ultimately, the compounds of formula I where position 
6 is OR3, the compound of formula (4) is provided with protecting groups on the 
hydroxyl groups of the two glycose residues (Scheme 1). Such protection is effected 

15 using suitable protecting reagents such as acetic anhydride, benzoic anhydride, benzyl 
chloro formate, hexamethyldisilazane, or a trialkylsilyl chloride in an aprotic solvent. 
Aprdtic solvents include, for exampie, dichlorometiiane, chloro ifonri, tetrahydrofuran, 
N-methyl pyrrolidone, dimethyl sulfoxide (DMSO), dimethyl formamide (DMF) and 
the like. Mixtures may also be used. Protection of both sugar hydroxyls in formula 

20 (4) may be done simultaneously or sequentialiyV^^^ 

In addition to protecting the 2' and 4' ''hy^rdxyi groups of the two glycose 
residues, the keto grbup at position 9 of the macroiidie ring must also be protected. 
Typically, this is effected by converting the keto group to a derivatized oxime. 

25 ' Particularly preferred Embodiments for R' in the %rmu1a =NOR include unsubstituted 
• or substituted ialkyl (1-12C), substituted of unsubstituted aiyl (6-1 "6C), alkyl (1-12C), 
substituted or unsubstituted heteroaryl (6-10<!i), alkyl (i-12iC), and heteroalkyl (such 
as substituents of the formula CR'jOR wherein each R', in addition to being 
independently embodied as R as set forth above, may, together with the other, form a 

30 cycloalkyl ring (3-12C))V A preferred derivatized oxime is of the fomiulai =NOR 
wherein R is isopropoxycyclohexyL 

With the 9-keto groiip and the T and 4'* hydroxyls protected, it is then 
possible to alkylate the 6-hydrbxy group in the conipound of formula (8) by reaction 
35 with an alkylating agent in the presence of base. Alkylating agents include alkyl 
halides and sulfonates. For example, the alkylating agents may include methyl 
tosylate, 2-fluoroethyl bromide, cinnamyl bromide, crotonyl bromide, allyl bromide. 
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5 propargyl bromide, and the like. The alkylation is conducted in the presence of base, 
such as potassium hydroxide, sodium hydride, potassium isopropoxide, potassium 
t-butoxide, and an aprotic solvent. 

The choice of alkylating agent will depend on the nature of the substituents 
10 to be included. As set forth above, R3 can be substituted or unsubstituted alkyl 

(Ir.lOC), substituted or unsubstiuited alkenyl (2-lOC), or substituted or unsubstituted 
alkynyl (2- IOC). Particularly preferred are unsubstituted alkyl, alkenyl, or.alkynyl, or 
substituted forms of these wherein the substituents include one or more halogen, 
hydroxy, alkoxy (1^60), pxo, SO2R (1-6C), N3, CN, and MR, wherein R is H, 
15 substituted or unsubstituted alkyl (including cycloalkyl) (1-12.C), substituted or 
unsubstituted alkenyl (including cycloalkenyl) (2-12C), alkynyl (including 
cycloalkynyl) (2- 1 2C), substituted or unsybstituted aryl (6- 1 OC), including the hetero 
3 forms of the above. . . - 

20 Especially preferred are methyl, allyl and ethyl. 

Once the alkylation of the 6-hydroxyl is completed, the sugar residues and the 
macrolide ring may be dejprotected. Deprotection of the glycqside. rnoieties is 
conducted as described by Green, T.W., a/,, in Protective Groups in Organic 
25 Synthesis. />i/ra.,.-Siniilar conditions result in converting the derivatized oxime to 

=NOH. If formation of the underivatized oxime is npt concunrent with deprotection, 
the conversion to the oxiine is conducted sicpara^^^^ 

The oxime can then be removed and converted to a ketp group by standard 
30 methods known in the art. Deoximating agents include inorganic sulfur oxide 

compounds such as sodium hydrogen sulfite, sodium pyrosulfate, sodium thiosulfate, 
and the like. In this case, protic solvents are used, such as water, methanol, ethanol, 
isopropanol, trimethyl silanol and mixtures of these. In general, the deoximation 
reaction is conducted in the presence of an organic acid. 
35 , . . . . • . 

At this point in the process, or later, the group introduced at the 6-hydroxyl 
can further be manipulated. Conveniently, the initial substitution may provide a 



BNSOOCID: <WO. 



wo 00/62783 PCT/USOO/10276 

-^^-^ .20- 



5 6-0-allyl, i.e., 0-CH2CH=CH2, which can further be derivatized by reduction to give 
the 6-0 propyl compound, or be treated with osmium tetfoxide to provide the 2,3- 
dihydroxypropyl compound, which can further be esterified at each oxygen atom. 
The d-allyl derivative can also be oxidized witK'ih-chioroperoxybenzoic acid in an 
aprotic solvent to provide the epoxy compound which can be opened with amines or 

10 N-conta;ining hetei-oaryl coihpdunds tb provide compounds with N-contaiiiing side- 
chains, or can be oxidized under Wacker conditions to provide the substituent O-CHj- 
C(0)-CH3, or can be ozonized to provide the aldehyde. The aldehyde can then be 
converted tb the oxime or reacted with a suitable amine and reduced in the presence of 
a borohydride reducing agent to provide an amine. The oxime can also be converted 

15 to ia nitrile by reaction with a dehycfratidfi agent in an aprotic solvent. The O-allyl 
derivative can also be reacted with an aryl halide under Heck conditions (Pd(n) or 
Pd(0), phosphine and amine or inorganic base) to provide a 3-aryl prop-2-enyl 
derivative (Scheme 3), This d^rivaiive can then be reduced with hydrogen and 
palladium on carbon to provide a 3-arylpf6pyi derivative. If the initial substitUent 

20 is a 2-propyne, siitiilar reactibiis can be employed to provide alterations in the side- 
chain, including arylation. ' ' 

In order to convert the compound of fomiula (11) into the compoimd of 
formula (12), by first removing the cladinosei mdiety, tHe com^ foraiula (1 1) is 

25 ' ' treated With mild'ajqUeous iacid or with a degiycosylating enzyme (Scheme 1). 

* ' Suitable acids iriciude hydrochloric^, sulfunc; chlbroacetic, trifluoroacetic and the like, 
' " in the presence of alcohol, keactioh times are typicidliy 0.5-24 hours at a temiperature 
of -rO-35°C. Following protection of the 2' hydrdkyl of the remaining sugar as set 
forth above, the resulting iiydfoxyl group at the 3-position of the macrolide ring is 

30 then oxidized to the ketone using ai modified Swem oxidation procedure. Iri this 
procedure, an oxidizing agent such as N-chlorosuccininiide-dimethyl siilfide or a 
carbodiimide-dimethylsuloxide is used. Typically, a compoimd of fomiula (13) is 
added to a pre-formed N-chlorosucciiiimide and dimethyl sulfide complex in a 
chlorinated solvent such as niethylene chloride at -10-25**C. Aftet being stirred for 

35 0.5-4 hours, a tertiary amine such as triethylamine is added to produce the 
corresponding ketone. 
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5 Intermediate (16) can then be prepared from intermediate (14) in a two-step 
procedure as illustrated in Scheme 1. First the 11 -hydroxy! group is preferentially 
converted to a leaviijg group, such as jnethanesulfonate, by reaction with an alkyl or 
arylsulfonyl chloride, such as methan^sulfonyl chloride, in the presence of an organic 
base, like pyridine. In the next ?tep, thejeaving group is eliminated to afford the 10- 
10 1 1 double bond by treatment with diazabicycloundecane in a suitable solvent like 
aci^tone. . 

In order to haldgenate the macroli^e at position 2 (conyerting X=H to 
halogen), the compound of formula (16) , is tresated with a base and an electrophilic 
15 halogenating reagent such as pyiidinium perbromide or N-fluorobenzene. sulfonic 
acid.. , . . , ... 

In accordance with Scheme 2, intermediate (18) is reacted with sodium 
hydride and 1,1 '-qarbonyldiimidazole to. yield the imidazole intermediate (19). 
20 Intermediate (19) is then reacted with the appropriate substituted amine in 

dimethylformamide at about 25*^ to 130"* and then the hy<Jroxy protecting group is 
removed by treatment with methanol to yield the final compound I. 

In a similar fashion, (Scheme 3 intepnediate (20) can be conyertied to the 
25 unsubstituted l.l,I2-cyclic ca^a^i^t^ intermediate (21) by reaction of, the analogous 
, imidazole, intermediate with a^ 

substituent can be manipulated lat^ in the synthetic sequejjce^ and tiiis is illustrated in 
Scheme .3, where the 6-OTaUyl derivative i§ reacted with an aryl halide upder Heck 
conditions (Pd(II) or Pd(0), phosphine and amine or inorganic base) to provide a 
30 3-^1 prop-2-enyl derivative, Subsequent deprptection of the 2\hydroxyl group 
_ affords the final conipom ^ . 

It will alsp/Ue noted -that , compoiimds,^^ inventipn wherein is hydrogen 
can be readily obtained from a mixture of 6-deoxy-13-substituted-erythromycins A, 
35 B, C, and D derived, froni fermentation. A similar series of reactions as described 
above can be used to effect this conversion (Scheme 4). 
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5 This invention further provides a method of treating bacterial infections, or 

enhancing the activity of other antibacterial agents, in warm-blooded animals, which 
comprises administering to the animals a compound of the invention alone or in 
admixture with a diluent or in the form of a medicament according to the invention. 

10 When the compounds are employed for the above utility, they may be combined 

with one or more pharmaceiitically acceptable carriers, e.g., solvents, diluents, and the 
like, and may be admiiiistered orally in such forms as tablets^ capsules, dispersible 
powders, granules, or suspensions containing for example, from about 0.5% to 5% of 
suspending agent, syrups cohtaining^for example, from about 10% to 50% of sugar, 

15 and elixirs containing, for example, from about '20% to 50% ethanoi, and the like, or 
parehterally in the fomi of sterile injectable solutions or suspensions containing from 
about 0.5% to 5% suspending agerii in an isotonic medium. These pHanhaceutical 
preparations may contain, for example, from about' 0.5% up to about 90% of the 
active ingredient in combination with the carrier, more usually between 5% and 60% 

20 by weights ■ 

Compositions for topical application may take the ifortn of liquids, creams or 
gel^, containing a therapeutically effective concentration of a compound of the 
invention admixed with a demiatologically acceptable carrier. 

In ' preparing the compositions in oral ciosage form, any of the usual 
pharmaceutical riiedia may be employed." Solid" carriers include starch, lactose, 
dicalcium' phosphate, microcrystalline cellulose, siicrbse land kaolin, while liquid 
carriers include sterile water, polyethylene glycols, nbn-ionic surfactants and edible 
30 ' oils such as com, peanut and sesame oils, as are appropriate to the nature of the active 
ingredient arid the particular form of administration desired. Adjuvants customarily 
employed in the preparation of pharmaceutical compositions may be advantageously 
included, such as flavoring agents, coloring agents, preserving agents, and 
antioxidants, for example, vitamin E, ascorbic acid, BHT and BHA. 

The preiferred pharmaceutical compositions from the standpoint of ease of 
preparation and administration are solid compositions, particularly tablets and hard- 
filled or liquid-filled capsules. Oral administration of the compounds is preferred. 

40 These active compounds may also be administered parenterally or 

intraperitoneally. Solutions or suspensions of these active compoimds as a free base 
or pharmacologically acceptable salt can be prepared in water suitably mixed with a 
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5 surfactant such as hydroxypropyUcellulose. Dispersions can also be prepared in 
glycerol, liquid polyethylene glycols and mixtures thereof in oils. Under ordinary 
conditions of storage and use, these preparations may contain a preservative to 
prevent the growth of microorganisnis. . . 

10 The pharmaceutical forms suitable for injectable use include sterile aqueous 

solutions or dispersions and sterile poAvders for .the extemporaneous preparation of 
sterile injectable solutions or dispersions. In all cases, the form must be sterile and 
must be fluid to the extent that easy syringability exists. It must be stable under the 
conditions of manufacture and storage and must be preserved against the 

15 contaminating action of microorganisms such as bacteria and, fungi. The carrier can 
be a solvent or dispersion medium containing, for example, water, ethanol, polyol 
(e.g., glycerol, propylene glycol and liquid polyethylene glycol),: suitable mixtures 
thereof, and vegetable oils. 

20 The effective dosage of active ingredient employed may vary depending on the 

particular compound employed, the mode of administration and the severity of the 
condition being treated. However, in general, satisfactory results are obtained when 
the compounds of the invention are administered at a daily dosage of from about 0.1 
mg/kg to about 400 m^g of animal body weight, preferably given once a day, or in 

25 divided doses two to four times a day, or in sustained release form. For most large 
manmials the total daily dosage is froni about 0.07 g to 1.0 g, preferably from about 
100 mg to 1000 mg Dosage forms suitable for internal, use coniprise from about 100 
mg to 500 ing of the active compound in intimate admixture with a solid or liquid 
pharmacQuticaliy acceptable carrier. This dosage regimen may be adjusted 

30 the optimal therapeutic respbrise. For example, several diyided^ doses may be 
adniinistered daily or . the dose may be proportionally reduced as indicated by the 
exigencies of the the;rapeutic situation. 

the production, of the above-mentioned pharmaceutical compositions and 
35 medicaments is carried out by any methbd known in the art, for example, by mixing 
the active ingredients(s) with the diluent(s) to form a pharmaceutical composition 
(e.g. a granulate) and then forming the composition into the medicament (e.g. tablets). 

Examples 

40 The compounds of the invention can be prepared using intermediates produced 

by a chemobiosynthetic procedure involving recombinant host cells and organic 
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5 chemistry methodology. The steps of this cfiemobidsynthetic procedure are described 

• ... 
generally below, followed by a detailed description of each step in the enumerated 

Examples. " ^ - - - _ . 

In the first general step of the method, a 6-deoxyerythronolide B (6-dEB) 
10 derivative compound is prepared by fermentation of a recombinant Streptomyces host 
cell. 

The fermentation to produce 15-methyl-6-deoxyerythronolide B and 14,15- 
dehydro-6-deoxyerytlir6nolide B requires a synthetic diketide intermediate to*be fed 

15 to the fermenting cells. The preparation of these synthetic diketides is described in 
Example 1. These synthetic diketides aire substrates for a 6-debxyerythroholide B 
synthase (DEBS) that is unable to act on its natural substrate (pirojpionyl C6A) due to a 
mutation in the ketosynthase domain of module 1 of DEBS. This recoihbinant DEBS 
is provided by plasmid pJRJ2 in Streptomyces coelicolor CH999. S. coelicolor CH999 

20 is described in LJ:S. Patent No. 5,672,4$1, incorporated herein by reference. A 

derivative of k coelicolor CH999, S. coelicolor K30-O2, that has been genetically 
modified to include a ptpA gene, is described iri tJ.S. patent Application Serial No. 
09/181,833, incorporated herein by reference cah^also be einaployed for this purpose. 
Plasmid p JRJ^ encodes the eryAI, eryAII, and efyAIII genes; the eryAI gene 

25 contained in the plasinid contains tfie niiU miitation. The KSl null mutiation 
prevents formation of the 6-deoxyeiythrbnblide B produced by the wild-type gene 
unless exogenous substrate is provided. Plasmid pJRJ2 and a'process for iising the 
plasmid to prepare novel 13 -substituted er>lhromycins are described in PCT 
publication Nos. 99/03986 and 97>02358 arid in tl.S. patent application Serial Nos. 

30 08/6V5,817, hied 5 July 1996rS8^^^^^^ filed 17 'Juiy 1997; and 09/31 056, filed 
l4 May 1999, each of which is incorporated herein by reference. The exogenous 
substrates provided can be prepared by the methods and include the conipounds 
described in PCT patent application No. PCT/USOO/02397 and ti.S. patent application 
Serial No. 09/492,733, both filed 27 Jan. 2000, by inventors G. Ashley et al., and both 

35 of which claim priority to U.S. patent application Serial No. 60/1 17,384, filed 27 Jan. 
1 999, each of which is incorporated herein by referfice. PKS genes other than the ery 
genes can also be employed; suitable genes include the KSl null mutation containing 
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5 oleandolide and megalomicin PKS genes described in U.S. patent application Serial 
Nos. 60/158,305, filed 8 Oct. 1999 and 09/428,517, filed 28 Oct. 1999, and PCT 
application No. US99/24478, filed 22 Oct. 1999, each of which is incorporated herein 
by reference. 

10 The fennentation to produce 14-nor-6rdeoxyerythronolide B does not require 

diketide feeding, because the desired compound is produced by the recombinant host 
cell Streptomyces coelicolor CH999/pCK7. Plasmid pCK7 is described in U.S. Patent 
No. 5,672,491 and cpmprises the DEBS genes. A derivative of plasmid pCK7, 
pKOSpi.L-26, can also be used. The host cell comprising pKOSOl 1-26 and a 

15 recombinant ptpA gene is called S, coelicolor 27-26/pKOSOl 1-26. These host cells 
. produce both 6-deoxyerythronolide B and 14-nor-6-depxyerythronoHde, due to the 
incorporation of propionyl CoA and. acetyl Co A, both of which serve as substrates for 

. . ■ . E>EBS1. , . .. . . ; \. . ■ . 

20 The fermentation oi Streptomyces coelicolor CH999/pJRJ2 and 5. coelicolor 

CH999/pCK7 is described in Example 2. The isolation of the 6-deoxyerythronolide 
, products resultinjg from this fermentatipn is also described in Example 2. 

The iso^ted products are then added to the fomentation brolh of . 
Saccharopqlyspora erythrqea strains to make other usefiil interme4iate compounds of 

25 the invention. The 5. erythraea stT2Ans catalyze the biosynthesis and attachment of 
sugar residues to the 3 and 5 positions of the 6-dEB derivative compounds. These 
strains also comprise a functional eryK.g^ne product and so hydroxylate the 6-dEB 
derivative compounds at the 12 position. The strains differ in regard to whether a 
functional eryF gene product is produced. If so, then the compounds produced are 

30 hydroxyl^ted at the 6 position as well. If not, then a 6-deoxyerythromycin A 

derivative is produced. These S. erythraea fermentations are described in Example 3, 
together with the isolation of the erythromycin A derivative compounds from the 
fennentation broth. 

35 The isolated products are then used as intermediates in the chemical synthesis 

of other intermediate compounds of the invention. For erythromycin A derivative 
compounds of the invention that comprise a 6-hydroxyl, Examples 4 - 6, 1 1, and 16 
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5 describe the process for alkylating the compounds to make the 6-O-alkyl, 6-0-allyl, 
and 6-O-propargyl intermediates oiF the invention, as depicted in Scheme 1 
[Intermediates (8) -> (11)]. t . 

For erythromycin A derivative compounds of the invention that comprise the 

1 0 6-O-alkyr groups. Examples 7-9 describe the process for making the 1 0, 1 1 - anhydro 
compounds of the invention. This reaction sequence is depicted in Scheme 1 
[Intermediates (1 1) -> (16)]. Example 10 describes the process for making the 2-halo 
compounds of the invention. In particular, the compound of formula (26), is treated 
v/ith a base and an electrophilic halogenating reagent such as pyridinium perbromide 

15 or N-fluorobenzenesulfonic acid, as depicted in Scheme 5. Example 12 describes the 
process for removing the cladinose sugar fix)m erythromycin A derivatives containing 
the 6-O-allyl group and for oxidation of the resulting 3-hydroxyl group to the ketone 
[Scheme 1; Intermediates (11) -> (14)]. Example 13 illustrates the conversion of the 
compoimds containing the 6-O-allyl group to several useful intermediates in the 

20 synthesis of compoimds of the invention. Example 14 describes the synthesis of a 
compoimd of the invention (I) wherein R = H, Rj = H, X = H and R^ = O-allyl 
[Scheme 1; Intermediates (14) -> (17) and Scheme 3; Intermediate (20) -> (I)]. 
Example 15 describes the process for conversion of macrolides containing the 6-O- 
allyl and 1 1,12-cyclic carbamate functionalities to compounds of the invention (I) via 

25 the Heck reaction and subsequent deprotection of the desosamine sugar (Scheme 3; 
Intermediate (21) -> (I)]. In addition to illustrating the alkylation of the compounds to 
the 6-O-propargyl intermediates. Example 16 further describes the process for 
conversion of these intermediates to compounds of the invention (I). Example 17 
describes the process for conversion of 6-O-propargyl intermediates to another group 

30 of compounds of the invention (I) via the Sonogashira reaction. For erythromycin A 
derivative compounds of the invention that do not comprise a 6-hydroxyl, Examples 
18-20 describe the process for making the 10,1 1- anhydro compounds of the 
invention. These reaction sequences are depicted in Schemes 4 and 6. Example 21 
describes the process for the synthesis of lH-imidazo[4,5-b]pyridine-l-(4-amino-2- 

35 butene), an amine used in the synthesis of compounds of the invention wherein R = 
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This sequence of reactions is depicted in Scheme 7. The process for conversion of the 
10,1 1-anhydro compounds into the carbamate derivative compounds of the invention 
is described in Examples 22 and 23 [Scheme 3; Intermediate (1 8) -> (I)] . The amines 
used in the synthesis of the carbamate derivative compounds of the invention (I) are 
either commercially available or can be readily prepared as described in Denis et al, 
Bioorg. Med. Chem. Lett. 9:3075-3080 (1999). 
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S ' ' T ■ Example 1 

Preparation of E>iketide Thioesters 
The processes used to prepare the N-acetylcysteamihethioesters (NACS) used 
to feed the recombinant Streptomyces host cells to make the 15-methyl and 14,15- 
dehydro-6-deoxyerythronoIide B intermediate .compoiirids are described in this 
10 Example: The synthesis protocols described below are also described in U.S. 
provisional piatent application Serial No. -09/492,733; inVehtors G. Ashley, M. 
Buriirigame, and l. Chan-Kai, incorporated heriein by reference. 

Thus, (2S3R)-2-methylO-hydroxyhex'anoate NACS (Preparatioh E), which is 
r: used to prepare the 15-methyl-6^*debxyerythroriolideB ihterniediate, is^ 
15 reacting (4S)-N^[(2S,3R)-2-nlethyl-3-hydi^oxyhexaindy 
' (Preparation D) with N-acetytcysteamine (Prepara^^^ 

turn, prepared from N,S-diacetylcy3teamine (Preparation A). (4S)-N-[(2S,3R)-2- 
methyl-3-hydroxyhexanoyl]-4-benzyl-2-oxa2olidinone (Preparation D) is prepared 
from (4S).-N-PropibnylT4-beii2yl^2Toxa2b^^^ C). 
20 In similar fashion, (2S,3R)-2-methyl-3-hydroxy-4-pentenoate NACS 

(Preparation G), which is used^to preparfe^the 14^ 1 S-dehydro-6-deoxyerythronolide B 
intermediate, is prepared from reacting. (4S)-N^[(2S^?R)-2-methyl-3-hydroxy-4- 
pentenbyl]i-4-ben2yl-2-bxazolidinoh(d (Pfep^^ 
(Preparation B). <4S)-N-[(2S;3R>2-methyI-3-hydrGxy^-perit 
25 ox"a2blidirtone (Preparation F^^ is prefpdred frdm'(4S>N-Propioriyr-4-benzyl-2- 
^^oxazdlidmbhe(PnDpiohyl-Nbx^P^ ' ' ' " 

Preparation A: Preparation of N:S-D1acetvlcvsteamine 

Cysteamine hydroehloride (50.0 g) is added to a 1 L 3-i^eck^ round bottom 

30 flask fitted with nia:ignetic stir bar- 2 atdditibn fiinriels/ and a pH electrode. Water 
(300 mL) is added, arid the stiri-fed sblufibn is cooled on icei: The pH is adjiisted to 8.0 
by addition of 8 N KOHi Acetic anhydride (125 riiL) is placed in ori:^ additibn funnel, 
and 8N KOH (350 inL) is placed in the other addition fumielr The abetic anhydride is 
added dropwise to the cystearhirie solution, with 8 N KOH being added so as to keep 

35 the reaction pH at 8 +/- 1 . After additibn of acetic anhydride is complete, the pH was 
adjusted to 7.0 iising 1 N HCl and the mixture is aliowed to stir for 75 min. on ice. 
Solid NaCl is added to saturation, and the sblution is extracted 4 times using 400 mL 
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5 portions of CHjClj. The organic extracts are combined, dried over MgS04, filtered, 
and concentrated under reduced pressure to yield 68.9 g (97% yield) of a pale yellow 
oil, which crystallizes upon standing at 4**G. 

Preparation B: Preparation of N-Acetvlcvsteamine 

10 N,S-diacptylcyste2unine (42.64 g) is placed in a 2 L round bottom flask fitted 

with a magnetic stirrer, and dissolvesd in .1400 mL of water. The flask is purged with 
N2, and the mixture is chilled in an ice^bath. Potassixim hydroxide (49.42 g) is added, 
. and the mixture is stirred for 2 hr. on ice under ia^.atmQsphere. The pH is adjusted 
to 7 using 6 N HCl, and splid NaCl is added to saturation. The mixture is extracted 7 

15 times with SOO^mL. portions of CH2CI2. The organic extracts are combined, dried over 
MgSP4, filtered, and concentrated under reduced pressure to yield 30.2 g (96% yield) 
of product. This material is distilled immediately prior to use, bp. 138-140^C/7 mmHg. 

Preparation C: Preparation of f4S)TN«Propionvl-4"benzvI-2-oxazolidinone (Propionvl- 

20 Nox> - :■ - V.. — : 

A dry, 1 L tlureerneckediround bottomed flask equipped with a 500. mL 
addition funnel and a stir bar W2is charged >gfith 20 g of (4S)-4-benzyl-2- . r. 
oxazolidinone^ capped with sq?tai.and flushed with^ nitrogen; . Anhydrous THF (300 
mL) w.a3 .added;.by -caxjnula a^ splutiqn was cooled with a -:78*!C bath of 

25 dry ice/ispprppanol. The additipn fliiHiel .was charged with 78 rnL^ of nrbutyllithium 
(1.6 M in hexane) by cannula, wliich was added in a slow: Stream to the reaction. 
Distilled propionyl chloride (bp 77-79®C), 8.0 mL, was added rapidly via syringe. The 
reaction was allowed to stir for 30 min. in the dry ice/isopropanol bath. - 
. , . ' The reaction was remoyed from the cold bath, allowed to warm to >0**C, and 

30 . quenched with 50 inL of saturated aqueous .!>IH4Cl.- The mixture was concentrated to a 
slurry on a rotary evaporator. , The slunj^ Avas. extracted three times with 250 mL 
portions of ethyl ether..The,prganic extract^ were combined and washed with 50 mL 
each of sa^ura^ted aqueous NaHCQj andbrine, driejd with MgS04, filtered, and 
concentrated to give a yellow oil. The material crystallized upon sitting. The crystals 

35 were triturated once y/ith cold (-20**C) hexanes to give 21.0 g (80%'yield) of white 
crystalline material, m.p. 41-43*0. APCI-MS:.m/z = 234 (MH+), 178, 11?. IH-NMR 
(360 MHz, CDCI3): 7.2-7.4 (5H,m); 4.67 (lH,m,H4); 4.14-4.22 (2H,m,H5); 3.30 
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5 (lH,dd,J=3,13 H2,benzylic); '2.89-3:03 (2H,m,H2'); 2.77 (lH,dd,J=9,13,benzylic); 
l.20(3H,t,J=7Hz,H2'). > - 

Preparation b: Preparation of f4SVN-rf2S.3RV-2-methvr--3-hvdroxvhexanovlV4- 
ben2vl-2'Oxazolidinone 

10 A dry, 2 L three-necked round bottomed flask equipped with a 500 mL 

addition futmel, a low-temperature themionieterrand a stir b^^ charged with 19.84 
g of N-propionyl-oxazolidinone, capped with septa and fliished wfth nitrogen; 
Anhydrous dichloromfethane (100 niL) was added by cannula, and the resulting 
solution was cooled to -iSS^'C in a bath of dry ice/isopropanol. The addition funnel 

15 was charged by cannula with 100 irnt bf dibutylboron triiflate (I.O M in 

dichldromethane), which was added in a slow streaim td'^ttie reaction. Triethylamine 
(15.6 mL) was added drbpwise by syringe, keeping the reaction temperatuire below - 
l(fC. The reaction was then transferred to an ice bath and allowed to stir at 0*C for 30 
niin. After that period, the reaction was placed bdck into the dry ice/isopiropanol bath 

20 and allowed to cool to -65**C. But^aldehydeXS.iS inL) Was added rapidly by syringe, 
and the reaction was allowed' to stir for 30 nii^^ 

The reaction was transferred to an ice bkth arid the addition fxmnei was 
charged with 100 niL of a 1 M aqueous phosphate solution, pH 7.0 (the phosphate 
solution is comprised of equal moTar amounts 'of ihorio-' and potassium 

25 phosphate). The phosphate solution was added as quickly as possible while keeping 
this reaction terhperatufe below id^'C. TThe addition fimnel was then charged with 300 
rdL methanol which wks addecl as quickly as possible while keeping the reaction 
temperature below 10**C. Finally, the addition funnel was cKafged with 300 riiL of 2:1 
methan6l:30% hydrogen peroxidie. This was added drbpwise to ensure that the 

30 temperature was kepi below 10°C. The ireaction was stirred for one hr. after 

completion of addition! The solVerit was then rerrioved oh a rotary evaporator until a 
slurry remained. The slurry was extracted 4 times with 500 niL portions of ethyl ether. 
The combined organic extracts were washed with 250 irdS each of saturated aqueous 
sodium bicarbonate and brine. The extract was then dried with MgS04, filtered, and 

35 concentrated to give a slightly yellbw oiL The maferial was'theri chrbmatographed on 
SiOj using 2:1 hexanesrethyl acetate (product Rf = 0.4) resulting in 22.0 g (85% yield) 
of title compound as a colorless oil. 
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5 APCI-MS: m/z 306 (MH+); IH^NMR (360 MHz, CDCI3): 7.2-7.4 (5H,m, 

phenyl); 4.71 (lH,m,H4); 4.17-4.25 (2H,m,H5); 3.96 (lH,m,H3'); 3.77 
(lH,dq,J=2.5,7 Hz, H2'); 3.26 (lH,dd,J=4,13 Hz,benzylic); 2.79 (lH,dd,J=9,13 
Hz,ben2ylic); 1.5-1.6 (2H,m,H4'); L3-L5 .(2H,m,H5'); L27(3H,d,J=7 Hz,2'-Me); 
0.94 (3H,t,J=7 Hz,H6'). 

10 

Preparation E: Preparation of (2S.3RV2-methyI-3-hvdroxyhexanoate N- .. . 
acetvlcvsteamine thioester 

N-acetylcysteamine >ya§ distilled at 130°C/7 mm .IJg to giye a colorless liquid 
at rpom temperature. A dry, 1 L threcrneck^d round bottomed flask equipped with a 

15 500 mL addition funnel and a stir bar was cappeid with septa and flushed with 

nitrogen* The flask was then charged with 10.7 mL of N-acetylcysteainine by syringe 
and with 400 mL of anhydrous THF by cannula. The mixture was cooled with a 
. MeOH/ice bath. Butyllithium (64 mL of 1.6. M in hexanes) was added dropwise by 
syringe, resulting in formation of a white precipitate. After stirring for 30min., 

20 trimethylaluminum (51 mL of 2.0 Nl in hexanes) was added dropwise by syringe. The 
reaction became clear after addition qf trimethylaluminum and was allowed to stir an 
additional 30 min. During thi? period, 20,5 g (0.068 niol) of (4S)-N-[(2S,3R)-2- , 
methyl-3-hydroxYlhexajjioyl]-4-beQZX^^^ was put under a bl^ket of 

nitrogen and dissolved in^lOO jtiL. of anhjj^^irpus TO this solution was then 

25 transferred in a slow stream by cannula into the reaction. The resulting reaction 
mixtxu'e turned a yellow-gyeen color amd was allowed to i^tir for 1 hr. The reaction 
was finished when the stsuting materia^ ^ould no longer be seen by thin-layer 
chromatographic analysis (ca. 1 hr.).. ^ . 

The; reaction was treated with enough saturated oxalic acid to giye a neutral 

30 reaction with pH paper (approximately 90 mL). The solvents were then removed on a 
rotary evaporator to give a white slurry. The slurry was extracted six times with 250 
mL portions of ethyl .ether. The organic extracts were combined and washed with 
brine, dried with MgS04, filtered, and concentrated to give a slightly yellow oil. The 
thioester product was purified by flash chromatography on Si02 using 1:1 

35 hexanesiEtpAc until the elution.of 4-benzy^l-2-oxazolidinone. At that point, the 
solvent system was switched to 100% EtOAc to give pure firactions of diketide 
thioester. The product fractions were combined and concentrated to give 14.9 g (89% 
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5 yield) of title compound. This compound is referred to as the propyl diketide thioester 
in Example 2. 

APCI-MS: m/2 248 (MH+); IH-NMR (360 MHz, CDCI3): 5.8 (br s,lH); 3.9"4 
(dt,lH), 3.46 (m,2H), 3.03 (dt,2H), 2.7l'(dq,lH), 1.97 (s;3H), 1.50 (m,2H), 1.37 
(m,2H), 1.21 (d,3H), 0.94 (t,3H). 

10 

Preparation F: Preparation of r4iSVN>rr2S.3RV2-methvl^3-hvdroxv-4-pentenov]1-4> 
benzvl"2'Oxazolidinone ..^ . 

A dry, 2 L three-necked round bottomed flask equipped with a 500 mL 
addition funnel, a low- temperature thermometer, and a stir bar was charged with 20.0 

1 5 g of propibnyl oxazblidinorie A, capped with septa and flushed with nitrogen. 
Anhydrous dichloromethane (100 itil) was^added and the resulting solution was 
cooled to -1 S'^C in a bath of methianol/ice. Dibutylbbron triflate (100 mL oif 1 .0 M in 
dichloroiiiethane) wa^ added iii a slow stream via the addition fimnbl at suich a rate as 
to keep the reaction temperiature below 3^C. Diisopropyl^thylamine (17.9 mL) was 

20 added drdpwise by syringe, again keeping thie ihteriial temperature below 3**C. The 
reaction Was then dbbled fo -65**C lising a idry ice/isopropanol bath. Acrolein was 
added over 5 iiiin. by syringe! the reaction waS allowed to stir for 30 min. after 
completion of addition: - — ' : ? 

the reiaction was then transferred to aii ice b^tih and the addi tidrl funnel was 

25 bharged 'with 1 20 mL (0: 1 tool) of a 1 'M aquebtis pliosphate solution j pH 7.0 (the 
phosphate solution is comprised of equal mblar'binbimti of mono and dibasic 
phosphate). The phds^pWate solution was added ais qilickly as possible while keeping 
the reaction temperature below lO^'C. The addition funnel was tihen charged with 400 
mL of methkhol that were added as quickly as possible while keeping the reaction 

30 temperature belbw 10®C; Finally, the'additibn funnel was charged with 400 mL of 2: 1 
methanoi:30% hydrogen peroxide by initial dropwise addition to keep the temperature 
below l(fC: The reaction wasi stirred for orte hdur. the solvent was removed using a 
rotary evaporator, leaving a slurry. The slurry waS extracted 4 times with 500 mL 
portions of ethyl ether. The organic extracts were combined and washed with 250 mL 

35 * each of saturated sodium bicarbonate and brine, then dried 'with MgS04, filtered, and 
concentrated to give a slightly yellow oil. Trituration witii hexane induced 
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5 crystallization. Recrystallization frorn ether. by addition of hexane resulted in 13.67 g 
(55% yield) of product. 

IH-NMR (360 MHz, CDCI3): 7,2-7.4 (m,5H); 5.86 (ddd,lH), 5.35 (dt,lH), 
5.22 (dt,lH), 4.71 (m,lH), 4.51 (m,lH), 4.21 (m,2H), 3.89 (dq,lH), 3,26 (dd,lH.), 
2.80 (dd,lH), L25 (d,3H). 

10 

Preparation G: Preparation of f2S,3RV2-methvl-3-hvdroxv-4-pentenoate 
N-acetvlcvsteamine thioester 

Nracetylcysteaniine was distjl.led.at 130°C/7 mm Hg to give a colorless liquid 
at room temperature. A. dry, 1 L tlu-ee-necked round bottomed flask equipped with a 
15 500 mL addition funnel and a stir bar y/as capped with septa and flushed with 

nitrogen. The flask was then charged with 7.5 mL of N-acetylcysteamine by syringe 
and with 500 mL of anhydrous THF by cannula. The reaction was then cooled with a 
MeOH/ice bath. Butyllithium (44 ml- of 1.6 M in hexane) was. added dropwise by 
. . syringe. A white precipitate formed as the, n-BuLi was added. After stirring for 
20 30 min,, 35.5 mL (0.071 mol) of tri?r|ethylalmr^ (2.0 M,in hex^e) were added 
drop- wise by syringe. The reaction became clear after addition of trimethylaluminum 
. gnd was^ allowed to stir ;an addition^al 30 mip. (45)-Nr:[(2S,3R):2-methyl-3-hydroxy-4- 
pentenoyl]-4-benzyl-2-oxazolidinone from Preparation F (13.6-g) was.put under a 
blanket of nitrogen, disstolyed iri §0 njL p/ 2(nhydrous THF,,and this solution was then 
25 transferred in a slow stream Ijy. cannula into, the reaction. The.resulting reliction 

mixture turned a, yellow-green color and. was .allowed to stir.for 1 hr. The reaction was 
judged to be finished when starting niaterial coul4 no longer be seen, by thin-layer 
clu-omatography (ca, 30 min.). • • 1. r < 

, , Enough saturated oxalic acid was ^dded to giye a neutral reaction with pH 

.30 P4per (approximately 60 mL). The. soly ents wqre then removed by rotary evaporator 
_ to give a white slurry.^ The slurry was. extracted six times.with 250 mL portions of 
ethyl ether., Jhe organic extracts were combined, washed with brine, dried with 
MgS04, filt!?red, arid concentrated to giye a slightly yellow oil. The thioester was then 
purified by flash chrom,ato^aphy on SiOs- The colunm was run >yith 1:1 
35 hexanes:ethyl. acetate until the elution of oxazolidinone. At that point, the eluent was 
switched to 100% ethyl acetate to give pure fractions of product. The fractions were 
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5 combined and concentrated to give 7.7 g (71% yield) of title compound product. This 
product is referred to as the vinyl diketide thioester in Example 2. 

IH-NMR (360 MHzi:CDei3): 5:82 (ddd^lH), 5.78 (br s, IH), 532 (dt,lH), 
5.21 (dt,lH), 4.47 (m,lH), 3.45 (m,2H),-3.04 (m,2H),2.81 (dq,lH), 1.96 (s,3H), 1.22 
(d,3H). 

10 V • - • i . . ■ . r-:--; ... : • 

': • f Example 2 

* '--^ - ■ V Preparation of Ervthronoiides - • 
Prej3aratidn A: Preparation of 1 4, 1 5-dehvdro-6-deox vervthronolide B 

Streptomyces coelicolbr GH999/pJRJ2 is described in U.S. patent application 
15 Serial Nos. 08/896,323, filed 17 July 1997, and 08/675,8 IT, filed 5 July 1996, each of 
which is incorporated herein by reference; Plasmid pJRJ2 encodes a mutated form of 
DEBS in which the ketosynthase domain of module 1 (KSl) has been inactivated via 
mutagenesis (KSl^). S. fcoelicolof strains comprising this plasmid that are fed the 
vinyl diketide* thioester prepared in accordance with Exaimple 1 produce 14,15- 
20 dehydro-6-deoxyeiythrdnolide B: 

Twenty isolates <)f S. cbi^Bcblor GH999/pJRJ2 were tested for their ability to 
convert the vinyl diketide thioester into 14,15-d6hydro-6^deoxyerythronolide B. A 
frozeri s^dre stock was diluted,-*pIate<ton R2YE agar'piates cbntainihg 50 mg/L 
thidstreptbn, and grown al 30-G for 5 day* ta obtain sikgle colonies. Each liter of 
25 'R2YE mediuiri contains 103 g suefose, 10 g glucos'e; 10.12 g MgCU/SH^O, 0.25 g 
"K2SO4, Oll^g casarnind acids, S^g^y^ 

• tris[hydr6xytnethyl]methyl-2-amiho6th from Sigma) buffer, 22 g 

agar (when included), and 2 mL trace elements solution. -After autoclaving^ 10 mL 5 
g/L (0.5%) RH2PO4, & mL 1.5 M CaeU'lHA 15 ml; 200 g/L (20%) L-proline, and 7 

30 mL 1 N NaOH welre added. Each 'lifer of trace elements solution ccmtains 1 mg 
ZnS04, 1 mg FeS04, 1 mg MriClj; md-1 mg^ from R2YE 

media when cultures were grown in pH-controUed bioirekctoins: 

The colonies were patched onto secdi^ary platels for amplification, then spread 
on fresh R2YE agar plates cbhtainirig 50 mg/L thiostrepton to create mycehal lawns. 

35 Diketide feeding of Streptomyces coelicolor CH999/pJRJ2 to these lawns was 
performed as previously described (see the patent applications cited supra). The 
14,15-dehydro-6-deoxyerythronolide B produced in these Cultures was isolated by 
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5 homogenization and ethyl acetate extraction of the agar on which the culture was 
grown. Reversed phase HPLC/MS analysis of these extracts was performed using a 
Beckman 127s solvent module equipped with a Beckman Ultrasphere ODS column 
(4.6 mm x 150 mm) and a- gradient of water to acetonitrile as the mobile phase. The 
14,15-dehydro-6-deoxyerj^hronolide B was identified by mass spectrometry (PESciex 
10 APIIOOLC) and quantitated using an evaporative light scattering detector (AUtech 
500ELSD). High-producing isolates propagated on plates and as frozen spore 
suspensions were retested to determinej their stability during storage. 

Qf the twenty isolates of Streptopiyces coelicplpr CH999/pJiy2 tested for 
ability to convert the vinyl diketide thioester into 14,15-dehydro-$-^ 
AS deoxyerythrondlidie B, five isolates were non-producers, and one isolate produced >6 
: mg/L of product. The high-producing ,isGlate W2is propagated both, on agar medium 
. ' ; (restreaking every -10 days) and as a , frozen spore stock. Rdsolation of the strain 
" resulted in considerable isolate-to-isqlate variation when the st!:ain was stored as a 
frozen spore stock. When the strain was stored at^oom temperature on R2YE agar this 
20 variability was not observed. Segregation of the production ability of a strain during 
storage as a. frozen spore suspension has been previously observed, although the 
• mechanism by which it occurs, is unknown, . _ 

Propagation of the strain on agar media and as a. frozen mycelial ^u^ension 
. retain an isoljite's production capability-.: Consequently^ a cell bank was prepared by 
25 Inoculating approximately lO.nun^.m^ into 50 mL of R2YE containing 

50 ^g/mL thiostreptpn and shaken,{series 25 New Brunswick coffin shaker) at 200- 
... 250 rpm/28r30'f G in at250 mL baffled flask for 48 hr. The cells^were microscopically 
. examined, 25 mL of 90% glycerol vyas mixed; into the culture^ and l,m:t":aliquots were 
; . . :frozen in liquid nitrogen, and stored at -SO*^ G; Tliis procedure was used for storage of 
30 both. Streptomyces coelicp lor aoid Saccharopolyspqra erythraea strains. 
■14 J5-debydro--6-deoxyeiythronolide B COT b 
seed culture of Streptomyces cpelicolor CH?99/pnLI2 was made by adding 1 mL of 
. frozen stock to 50 niL, Qf :R2YE. containing 50 |xg/mL.thipstrepton and -1 mL/L 
antifoam B (Baker). Seed cultures of S. cqehcolor K39-02/pJRJ2 optionally may 
35 contain 50 jig/mL apramycin. The. culture was shaken at 200-250 rpm at 28-30°C for 
-48 hr (Series 25 New Brunswick coffin shaker). A production culture was made by 
inoculating 10 mL of the seed culture into 500 nJ^ of SOI medium (optionally, one 
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5 may use R6 medium with no buffer) containing 50 jig/mL thiostrepton. Each hter of 
SOI medium contained 51.5 g sucrose, 0^25 g KjSO^, 0.1 g casamino acids, 5 g yeast 
extract, 5.73 g TES buffer, 0.96 g sodium propionate, and 2 mL trace elements- 
solution. After autoclavihg, 10 mL O^S %' (5 g/L) KH2>64, 8 mL 2.5 M CaClj-eHjO, 
7.5 mL 20% (200 g/L) L-proline, and 7 mL 1 N NaOH were added. TES was omitted 

10 from SOI mediia when cultures were grown in pH-controUed bioreactbrs. 

R6 medium was also used for production cultures. Each liter of R6 medium 
contained 1 0^ g sucrose, 0.25 g K2SO4, 10. 1 2 g MgClz^aHjO, 0. 1 g casamino acids, 5 
g yeast extract, 5.73 g TES biiffer, 0.96 g sodium propionate, and 2 mL trace elements 
solution. After autoclaving, 10 mL 0.5% KH2PO4, 8 mL 2.5 M (:aCV2H20, 15 mL 

15 20% L-proline, and 7 mL 1 N NaOH were added. TES was omitted from R6 media 
when cultures were grown in pH-cohtroUed bioreactors. 

The culture was grown for 36-48 hr. at 200-250 rpm/28-3dX. The culture was 
then supplemented with 4-pentynoic acid (Fluka, 25 mg/L) and 1 mM vinyl diketide 
thioester (3 mL of 4.67 mg/mL diketidS in iO% bklSO (Sigma)), and grown for 4 

20 additional days. For diketide feeding in R6 medium, diketide was typVcally added 24- 
48 hrs. after inoculation, when tiie glucose level dropped to 0.5 g/L or lower; glucose 
concentration can be analyzed to tiirie the feeding more exactly. 14,1 5-dehydro-6- 
deoxyerythronolide B was recovered from the culture by soHd phase extraction with 
XAD resin and elution with ethatnol. ' " ' 

25 For large-scale preparation of 14,1 5-dehydro-6-deoxyer>ahronolide B , a seed 

cuitiu-e of Streptomyces coelicolor ki39-62/pJTRJ2 was made by inoculating 1 mL of 
frozen mycelivmi into a 2.8 L baffled flask containing 500 mL of R2YE, optionally 50 
^ig/mL apramycin, 50 ^g/mL thiostrepton, and ImL/L antifoam B, and shaking at 
150-200 rpm/28-30**C for about 2 days (Innova floor shaker). A 10 L stirred tank 

30 bioreactor (B. Braun A- 10) was prepared, filled with 10 L of R6 medium, autbclaved 
at 121°C for 30 min., allowed to cooi, and then inoculated with 500 mL (2%) of seed 
culture. 

Temperature was maintained at 30®C with agitation provided by 3 nishton 
impellers at 500-750 rpm, aeration at 0.5 - 2 L/min., and pH controlled at 7.00 via 
35 automatic addition of 1 N NaOH or 1 N H2SO4. Glucose consumption, dissblved 

oxygen, pH, and cell mass were monitored. When the glucose concentration dropped 
below 0.1 g/L, the culture was supplemented with 4-pentynoic acid (25-50 ng/mL) 
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5 and 2.5 g of the vinyl diketide thioester in 50 mL of DMSO. Controlled feeding of 
glucose maintained a glucose concentration of 0 - 2 g/L (target of 0.5 g/L). Titers of 
14,15-dehydro-6-deoxyerythronolide B were monitored by HPLC/MS, and the culture 
was harvested by centrifugation when a maximum titer was reached. The procedure 
was scaled to 1 00 L using a BioLafitte 150 L bioreactor. 

1 0 The 14, 1 5-dehydro-6rdeoxyerythronolide B was purified by solid phase 

extraction. The fermentation broth was chilled to 4 - 15*^0, and ethanol was added 
(0.1 L/L broth). The broth was clarified by centrifugation and loaded onto an XAD-16 
resin (Rohm and Haas) column (1 kg XAD/l g i445-:dehydro-6-deoxyerythronolide 
B) at a flow rate of 2-4 mL/cmSniin. The loaded resin was washed >yith 2 column 

15 volumes of 1 5% (v/v) ethanol in water and the 14,15-dehydro-6-deoxyerythronolide B 
was eluted from the resin with acetone and collected in Vz column volume fractions. 
The fractions containing 14,15-dehydro-6-deoxyerythronolide B were identified by 
thin-layer chromatography (ethyl acetate:hexanes 1:1) and HPLC/MS. 

The acetone fractions containing 14,15-dehydro-6-deoxyerythronolide B were 

20 pooled, and the volatiles were removed under reduced pressure. The resulting aqueous 
mixture is extracted with ethyl acetate. The ethyl acetate extract was washed with 
saturated NaHCOj and brine solutions, dried over sodium or magnesium sulfate, 
filtered, and concentrated to dryness under reduced pressure. The crude material was 
purified by chromatography on silica gel using a gradient of hexanes and ethyl 

25 acetate. Fractions containing the product were pooled and concentrated to a yellow oil 
that spontaneously crystallized. Recryst^Uiza from ether-hexane ^ave pure 14,15- 
dehydro-6-deoxyerythronoIide B. Mass^^spectrometry shows [M+ IJ] = 385. 13C-NMR 
(CDC13, 100I^z):213r^7^(^^^^^^ 79.40 
(C3), 76.47 (C5), 74;i 1 (CU^^^^ 70.84 (CI 1), 43.80 ic2), 43.16 (CIO), 41.48 (C12), 

30 39,58 (C8), 37.61 (C7), 37^42 (C4), 35.56 (C6), 16.60 (6Me), 14.55 (2Me), 13.34 
(8Me), 9.20 (12Me), 6.91 (4Me), 6.30 (lOMe). 

Preparation B: Preparation of 15-methvl-6-deoxvervth ronolide B 

A high-producing isolate of Streptomyces coelicolor K39-02/pJRJ2 was used 
35 to produce 15-methyl-6-deoxyerythronolide B in shake flasks. A seed culture of 

Streptomyces coelicolor K39-02/pJRJ2 was made by adding 1 mL of frozen stock to 
50 mL of R2YE containing 50 ^ig/mL thiostrepton (and, optionally, apramycin). The 
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5 culture was shaken at 200-250 rpm at 28-30''C for 36-48 hr A production culture was 
made by inoculating 1 mL of the seecl culture into 50 rhL of SOI or R6 medium 
containing 50 ji'g/ihL thiostreptoii (iand, optionally; apramycin). Antifoam was added 
at 1 miyL/The culture was grown for 36-48 hr. at 200-250 rpin/28-30**C. The culture 
was supplemented with 4-pentynoic acid (Flukia, 25-50 mg/L) and 1 mM pi-opyl 

10 diketide thioester (3 mL of 4.67 mg/mL diketide in 10% DMSO (Sigma)), and grown 
for 4-7 additional days. 15-methyl-6-deoxyerythronblide B was recovered from the 
culture by extraction with "ethyl acetate wheri maxiiiium titer was reached. 

For large-scale preparation of i5-methyl-6-deoxyeiythronolide B, a seed 
culture of Streptomyces coelicolor K39-02/pJRJ2 was made by inoculating 1 mL of 

15 frozen mycelium into a 2.8 L baffled flask containing SOOmL of R2\TE and shaking at 
150-200 rpm/28-30'^C for 2 days. A 10 L stirred tank bioreactor was prepared, filled 
with 10 L of SOi or R6 mediuiri, autbclaved at 121 for 30 iriin., allowed to cool, 
and then inoculated with 400-500 mL of seed culture. 

Temperatm-e was maintained at 28-30*^C with agitation provided by 3 rushton 

20 impellers at 500-750 rpm, aeiration at --1 L/min., and pH controlled at 7.00 via 
automatic addition of 1 N NiaOH or 1 N H2SO4. tjliicose corisuniption, dissolved 
oxygen, pH, and cell mass were monitofed. 'When the gfucbse concentration dropped 
below 6.1 g/L, the culture was supplemented with 4^-pehtynoic acid (25 |ig/mL) and 
2.5 g of the propyl diketide thioester in 50 mL of DMSO. Controlled feeding of 

25 glucose maintained a glucose concehtratiori of --^0.5 g/L. Titers of 15 -methy 1-6- 

deoxyerythronolide B were monitored by HPLCy^S, arid the ciiltuxe was harvested by 
centrifugation when a maxiriiuni titer was reachedVThe procedure was scaled to 100 L 
using a BibLafitte 150 L bioreactor. 

The 15-methyl-6-de6xyerythronolide B was purified by solid phase extraction. 

30 Fermentation broth was cooled to 4 - 1 5''C, and ethanol was added (0:i L/L broth). 
The broth was clarified by centrifugation and loaded onto an XAJD-16 resin (Rohm 
and Haas) column (1 kg XAD/1 g 15-methyl-6-deoxyerythroriolide B) at a flow rate 
of 2-4 mL/cm^-min. The loaded resin was washed with 2 coluihn volumes of 15% 
(v/v) ethanol in water and the 15-methyl-6-deoxyerythronolide i3 was bluted from the 

35 resin with acetone and collected in Vi coliimn volume fractions. The fractions 
containing 1 5-methyl-6-deoxyerythronolide B were identified by thin-layer 
chromatography (ethyl acetate :hexanes 1:1) and HPLC/MS. 
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5 The acetone fractions containing 15-rnethyl-6-deoxyerythronolide B were 

pooled, and the volatiles were removed under reduced pressure. The resulting aqueous 
mixture is extracted with ethyl acetate. The ethyl acetate extract was washed with 
saturated NaH2C03 and brine solutions, dried over sodium or magnesium sulfate, 
filtered, and concentrated to. dryness under reduced pressure. The crude material was 
10 purified by chromatography on silica gel using a gradient of hexanes and ethyl 

acetate. Fractions containing the product were pooled and concentrated to a yellow oil 
that spontaneously crystallized. Recr^stallization from ether-hexane gave pure 15- 
methyl-6-deoxyerythronolide B. Mass spectrometry shows [M+H] = 401 . 

15 Pre paration C : Preparation of 1 4-norr6-deoyyerythronolide B 

U.S. Patent No, 5,712,146, incorporated herein by reference, describes the 
preparation of a recombinant host cell, Streptomyces coelicolor CH999/pCK7. The 
patent reports that, when the recombinant strain is grown on R2YE medium, the straiir 
produces a mixture of 6-deoxyerythronolide B and 14-nor-6-deoxyerythronplide B , 

20 (also known as 8,8a-deoxyoleandolide). A related strain, S. coelicolor 27- 

.26/pKOSOl 1-26 contains a.modified ppK7 plasmid and a recombinant ptpA gene. 

A high-producing is9la.te of Streptoniyces coelicolor 27-26/pKOSOl 1-26 was . 
used to.produce 14-nor-6-deoxyeiythronolidei B in shake flasks. A seed culture of 
Streptomyces cpelicolpr 27-26/piKOSOl 1-26 was made by adding 1 mL of fi;ozen 

25 stock to 50 .mL of R2 YE containing 50 |ig/mL of thiostrepton (and, optionally, 
apramycin). The culture was shajkien at 20p-?50 rpm at 28-3p''C for 36-48 hr. A 
production culture was made by inoculating 1 mL of the s^^ 
SOI medium containing 50 fig/mL thiostrepton (and, optionally, apramycin). The 
culture was grown for 36-48 hr. at 200-250 rpm/28-30''C. The culture was 

30 supplemented with 4-pentynoic acid (Fluka, 25-50 mg/L) and grown for 4 additional 
days. 14-nQr-6-deoxyerythronolide B was recovered from the culture by extraction 
with ethyl acetate. , 

For large-scale preparation of 14-nor-6-deoxyerythronolide B, a seed culture 
of Streptomyces coeHcolor 27-26/pKOSpi 1-26 was.made by inoculating 1 mL of 

35 frozen mycelium into a 2.8 L baffled flask containing 500 mL of R2 YE and shaking at 
150-200 rpm/28-30°C for 36-48 hr. A 10 L stirred tank bioreactor was prepared, filled 
with 10 L of R2YE medium without glucose, autoclaved at 12VC for 30 min.. 
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5 allowed to cool, and then inoculated with 400-500 mL of seed culture. Antifoam was 
added at 1 mL/L. ^ - . v'.' 

Temperature was maintained^at 2'8-30°e with agitation provided by 3 rushton 
impellers at 500-750 rpin, aeration at -1 L/min., and pH controlled at 7.00 via 
automatic addition of 1 N NaOH or 1 N H2SO4. Glucose consumption, dissolved 

lb oxygen, pH, audi cell mass were monitored: Controlled feeding of glucose maintained 
a glucose concentration of --0.5 g/L: Titers of 14-nor-6-deoxyeiytlironolide B were 
monitored by HPLC/MS, and tfie culture was harvested by centrifugation when a 
maximum titer was reached. The procedure was scal^:d to 100 L using a BioLafitte 
150 L bioreactor. ' ■ - • . 

15 ' The 14-nor-6-deoxyerythronolide B was purified by solid phase extraction. 
Fermentation broth was chilled 16 4 ^ 15°C, and etlianol was added (O.i L/L broth). 
The broth was clarified by centnfugation and loaded onto an XAD-16 resin (Rohm 
and Haas) column (1 kg XAb/l g 1 4-nOT-5-de6xyerythronolide B) at k flow rate of 2- 
4 mL/cm^-min. The loaded reSin was washisid^Vith 2 colunm volumes of 15% (v/v) 

20' ' ethanol iri Water and the 14-nor-6-deoxyerylhrdnoHde B was eluted from the resin 
with acetone and collected in 14 columh^^oixinie fractions. The fractions containing 
1 4-hof-6-deoxyerythron<jliiie B were identified by^n-laybf chromatography (ethyl 
acetate:hexanes 1:1) and HPLC/R4S^ ' ■ ' : " ^ ' - ' ; >• : 

The acetone fractions containing l 4-n6r-6-cieo^^^ were pooled, 

25 aiid the Volatile^ were renioVed ufider reduced 'ptbssuVe. The resulting iaqueous 

mixture is extracted with bthyl acetatfe.''%e etlij^-l acetate extract wa^ washed with 

saturated NaH2C03 and brine solution^, dried bvefsodiu^ or magnesium sulfate, 
filtered, and concentrated to dryness^ imder^^^ pressui-e. The criide material was 
purified by flash chronijatograpfiy Using SiOj Coltunris developed with ethyl 

30 acetate/hexanes. Reci^stalliiation froiS ether-hexiaiie'gave pure 1 5-metliyl.6- 
deoxyerythronolide B: Mass spectroiti'etry shows [M+H] = 373. 
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.5 , Example 3 . 

Preparation of Erythromycins 
The 6-dEB derivative compounds produced in Example 2, Preparations A - C 
are converted to erythromycin deriyatiyes using, a recombinant strain of 
Saccharopolyspora erythraea. For production of erythromycins having both the 6 and 

.10 12 hydroxyl groups, the S. erythraea straiaused was K40-67. This strain was created 
.by transforrning an S.. erythraea strain capable of producing.high levejs of. 
erythromycin A with a pWHMS.-derived plasmid comprising: a mutated eryA 1 
sequence encoding an inajctiyated KSl .dornain., By homologous recombination, the 
resulting transformants were rendered incapable of producing 6-deoxyerythronolide 

15 B. For production of erythromycin derivatives haying only the 12-hydroxyl group, the 
S. erythraea strain used was K39-07; This strain Avas constructed from strain K40-67 
by disruption of the eryF hydroxylase .gene. Both strains were fermented under 
substantially similar conditions,, as described below. 

Fermentations were conducted in 1 0 L (and 150 L) bioreactors. A 1 mL 

20 . aliquot of frozen S, erythraea K40-67 myce.li\im was used to inoculate a seed culture 
. in 500 mL of R2;yE mjedhim. The cultixre was shakeri,at 150-200 rpm/^S-SO'^C in a 
2. 8 L baffled Fembach fl?^k for --48 ;hr. A 1 0 L stirred tank bioreactor was prepared, 
filled with 10 L of R2YE medium (70 L for the 15.0.L fermentation), autoclaved at 
, Ul'^Cfor. 45 min,,. allowed t^ and .then inoculatedt>^^^ L for the 

25 150 L.fei-mentation) of seed piUture. Tempej-ature \yas maintained at 28-3p**C with 
agitation provided by 2 rushtonimpisUers at, 500-700 rpm, aeratipn ^t -1 L/min., and 
pH controlled at 7.20 via automatic addition of 1 N NaOH or 1 N H2SO4. Foam was 
suppressed by addition of antifoam at 1 mL/L. The pH was controlled to avoid 
potential product degradation into enol ether and ^piroketaL Sucrose consumption, 

30 glucose evolution, dissolved oxygen, pH, and absorbance at. 600 nm (cell mass) were 
monitored. After 24-36 hr., the culture was fed 300 mg (1.62 g for the 150 L 
fermentation) of a 6-dEB derivative compound prepared in accordance with 
Preparations A - C of this Example dissolved in 3 niL (15 mL for the 150 L 
fermentation) of 100% ethanol. Feraientation continued for -68-85 additional hr., and 

35 the fermentation broth was harvested by centrifugation. Titers of erythromycin A, B, 
C, and D analogs during the course of the fermentation were determined by 
electrospray MS analysis. 
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5 The compounds produced were piirified by solid phase extraction. 

Fermentation broth was brought to pH 8.0 by addition of NaOH and chilled to 4 - 
1 5*^C, and ethanol was added (0. 1 L/L broth). The broth was clarified by 
centrifiigation and loaded onto an XAD-16 resin (Rohm and Haas) column (1 kg 
XADVl g erythromycin derivative) at a flow rate of 2^ mL/cm^-min. The loaded resin 

10 was washed with 2 column volumes of 15^o (v/v) ethanol in water and the 

erythromycin derivative was eluted fi*om the resin with acetone and collected in 14 
column volume fractions. The fractions containing the erythromycin derivative were 
identified by thiri-layer chromatography and HPLC/MS. 

The acetone fi-actions containing the erythromycin derivaiive'were pooled, and 

15 the volatiles were removed under reduced pressure. The resultmg aqueous mixture 
was extracted with ethyl acetate. The ethyl acetate extract was washed with saturated 
NaH3C03 and brine solutions, dried over sodium or magnesium sulfate, filtered, and 
concentrated to dryness under reduced pressure. The cmde material was purified by 
flash chromatography (methylene chldHde/iiiethahol/triethylaihine). This material 

20 served as starting material for the chemical derivatization procedures described in the 
following examples. Piire products may be obtained through tiie nse of cehtrifiigal 
countercuirent distributidri (e.g., using an ltd Coil Planet Centrifuge as described in 
WO 91/1 6334, incorporated herein by reference). "-^ 

~ The compounds produced by this niethodblogy were: (I) 14-nor erythromycin 

25 A; (ii) i4,15-dehydro-erythromycin A; (iii) 1 5-methyl-erythrorriycin A; (iv) 14-nor-6- 
deoxy-erythromycin A; (v) 14,15-dehydro-6-deoxy-erythromycin A; and(vi) 15- 
methyl-6-debiy-eiythromyc^^^ When used to make 3-descladinose-3-ox6- 
derivatives, the ersthromycin A derivatives were not separated firom the erythromycin 
C derivatives; msfead, mixtiu-es of the A and C compounds were iteed as starting 

30 materials for chemical derivatiiz'ation. ^ . . / . j 

' * Ekample'4 * ■ * ' 
Preparation A: 1 4-norervthromvcin A 9-oxime ' ' - * ' 

A solution of l*4-nbrerythromycin A (0.621 g, 80% purb); hydroxylamine (0.5 
35 ml of 50% aqueous solution)' and acetic acid (0.2 ml) in isopropanol (2 ml) was kept 
at 50°C for 22 hours. It was extracted with chlorofomi/ethanbl (3/2), washed with 
sodium bicarbonate, brine, and dried over MgS04. Filtration and evaporation in 
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5 vacuo yielded a crude product (0.65 .g) as a.wl:4ie solid which was used directly for 
next transfonnation. 

Preparation B: 1 4-norervthromvcin A 9"fO-f l-isopropoxvcvclohexvnioxime 

To a solution of above crude 14-noreythromycin A 9-oxime (0.65 g) and 1,1- 
1 0 diisopropoxy-cyclohexanone (0.95 ml) in methylene chloride (2 ml) was added 

pyridinium />-tolueiiesuIfonate (PPTS) (0.333 g) in niiethylene. chloride (2 ml). After 
stirring ovemight, the mixture was extracted (chloroform/ethanol ,3:2), washed 
(NaHC03-H20, brine), and dried (MgSOJ. After filtration and evaporation /;« vacuo, 
.... the crude product was repeatedly driven with toluene and isoprppanol to yield 0.74 g 
15 . of product, which was used directly for next reaction. 

Preparation C: 2\4''-bis(0-trimethvlsiLvlVl 4-norervthromvcin A 9^rO-n- 

isonropoxv-cvclohexvOloxime , 
. To a solution of 1 4-norerythromycin A 9-[Q-( 1 -isopfopoxycyclohexy l)]oxime 
20 . (0,74 g) in methylene chloride (6 ml) was add^d. a solution of trimethylsilyl imidazole 
(0,33 ml) and trimethylsilyl chlpride (0.18 ml>.in methylene: chlpride (2 ml) at O^'C. 
After 5 minute stirring, et^yl acetate was added, washed (l^aHCQj-HzO, brine), and 
dried (MgS04). Flash chromatography on silica gel (lQ:L hexanes:acetone, 1% 
triethylamine) afforded piir^^ prq^ a white solid (0.50 g). Mass spectrometry 
. 25 reveals [M+ir] == 1020. , : , : ... - , , . ? ^ - 

Preparation D: 2\4''->bis-rO-trimethvlsilylV6-0-methvlrl4-norervthromvcin A 9-rO- 

. ' , . , ( 1 -isopropoxvcvclohexvDIoxime . 

. A solution pf 2 %4"-ibz5"0-trimeA^ 

30 isopropoxy-cyclohexyl)]oxime (0.3 g, 0.29 ramoj) in 1:1 

methylsulfoxide/tetrahydrofiiran (DMSO/THF) (1.4 ml) was treated with 0.3 ml of a 2 
M solution of methyl bromide ^ix ether and cooled to 10°C. A mixture of 1 M solution 
of potassium rer/-butoxide in THF (0.6 ml ) . and PMSP.(0.6 ml) was added over 6 
hours using a.syringe pump. The reaction was then diluted with ethyl acetate, washed 

35 with saturated NaHCO^, brine, and dried over MgS04. Filtration and evaporation in 
vacuo yielded the. product (0.29 g) as a white solid. Mass spectrometry reveals 
[M+H*]= 1034. . . 
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Preparation E: 6-0-methvr-14-norervthromvcin A 9-oxime 
A mixture of 6-0-methyl-2''^4'*-i>ij.d-triiriethyls A 9- 

[O-(l-isopropoxycyclohexyl)] oxime (0.29 g), acetic acid (3.6 ml), acetonitrile (6 ml) 
and water (3 ml) was stirred at ambient temperature for 4.5 hours. The mixture was 
10 driven to dryness using toluene to give a crude product as white solid (0.24 g), which 
was used directly for next step without further purification. 

iPreparatibn F: 6-0-methvi-l4-norerVthronivcin A 
A mixture of 6-0-methyl-14-norerythromycih A 9-oxime (0.24 g), sodium 
15 hydrosulfite (6.45 g, 85% piire), Water (3 ml), ethanol (3 ml) and forihici acid (0.07 
ml) was kept at 85°C for 8 hours. The reaction was brought to jpH 8 with TN NaOH 
and extracted with ethyl acetate. TThe brgariic extract was washed with brine, dried 
over MgS04, filtered, and concentrated to yield a crude product as a white sblid (0.2 
g). Mass spectrometry reveals [M+fT] = 735, 



20 



Exarniple 5 



Preparation A: l4J5-dehvdrbervthr6mvcih-A 9-bxim 

A suspension of 14,i5-dekydroei^ythrbm'ycm A (1"984 gv47% purity, 1.2 

25 mmbl)^in 6 ml: of 2-pr6panbl Was%eated' with ^ :97^'i^ aqueous 

hydrbxylarnine arid stiired imtil disS'blved. Acetid acid (0.62 mL) was added and the 
mixture was stiifed fbr 25 hbiire'at 50 Up ' 
saturated NaHC03 was ^dded^^uM'the riiixture was coricentrateid en vacuo to remove 
isopropanol. The resulting aqueous niixture' Was extr^icted tht times with 250-mL 

30 portions of CfiCl3. The organic extracts were cbrhbihed, washed with satiirated 

NaHCOj, water, and brine, then dnied over MgS64, filtered, arid bb'hcdritrated to yield 
0.92 g of product. * * 

Preparation B: 1 4. 1 5-dehvdrbervthrbmvcih A 9-rO-f 1 -isopropoxvcvclbhexVnioxime 
35 The oxime from (A) (0.92 g) was dissolved in 6;2 mL of GHjCl, and treated 

with 1,1-diisopropoxycyclohexane (1.23 g) and pyridinium p-toluenesulfonate (0.464 
gm) for 15 hours at ambient temperature: The mixture was diluted with 160 mL of 
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5 CH2CI2, then washed sequentially with saturated NaHCOj, water, and brine. The 

organic phase was dried with MgS04, filtered, and evaporated to yield a brown syrup. 
Chromatography on silica gel (gradient from toluene to 1:1 toluene/acetone +1% 
EtjN) yielded 0.998 g of product. 

10 Preparation C: 2\4"-bis(0-trimethvlsilvlV14.15-dehvfroervthromvcin A 9'\0-(\' 
isopropoxvcvclohexvn]oxime 

A solution of 14,15-dehydroerythromycin A 9-[0-(l- 
isopropoxycyclphexyl)]oxime (998 mg, 9.96) in 1 1 ,25 mL of CHjClj was cooled on 
ice under inert atmosphere and treated with a solution of chlorotrimethylsilane (0.24 

15 mL) and l-trimethylsilylimidazole (0.44 mL ). After 30 minutes, the reaction was 

diluted with 250 mL of ethyl acetate and washed sequentially >yith saturated NaHCOj, 
water, and brine. The organic phase was dried with MgS04, filtered, and evaporated 
to yield 1.002 g of product. ^ - . . - ' 

20 Preparation D : 2 ^ ,4" -bisf O-trimeth vlsil vn-6-O-methvl- 1 4. 1 S-dehvdro ervthrom vein 
A 9-rQ-f 1 -isoprop oxvc vclohexvnioxime 

A solution of 2\4".bis-0-trimethylsilyH4,15-dehydroerythromycin A 9-[0- 
(l-isopropoxycyclohexyl)]oxiTOe (1 .00,g^^^ 

tetrahydrofiiran/methyl?ulfo?c.ide cooled to .1 0 "^G and tt-eated with 0.97 mL of 2.0 
25 M methyl bromide in ^tiiCT under inert .atijiosphere. A mxtvpre p^^ 

(1.94 mL>and 1.0 M potassium rer/rb^^ added 
slowly, ^ The reaction was monitored by thin-1^^^^^ 10:1 
toluene/acetone), and was judged complete after addition of 1 .6 molar equivalents of 
base. The reaction was diluted with 200 inL of ^thyl acetate^ and 70 mL of saturated 
30 . NaHGO;,. .The mixture was transferred to a separatory funnel, diluted with 850 mL of 
ethyl acetate and 280 mL pf saturated NaHCOj, then washed sequentially with water 
and brine. The organic phase was dried with MgS04, filtered through Celite, and 
evaporated to yield 21.2 g of crude 6-0-methyl-2',4"-bis-0-trimethylsilyM4,15- 
dehydroerythromycin A 9-:[0-(l-isopropoxycyclohexyl)]oxune. This was carried on 
35 . \yithout further purification. ....... 

Preparation E: 6«Q-methvl- 1 4. 1 S-dehvdroervthromvcin A 9-oxime 



BNSDCXilD: <WO 0062783A2_I_> 



wo 00/62783 



-46- 



PCT/USOO/10276 



5 A solution of 6-0-methyl-2',4"-bis-0-trimethylsilyI-14,15- 

dehydroerythromycin A 9-[0-(l-isopr6p6xycyclohexyl)]oxinie (1.0 g) in 9.8 mL of 
2:1 acetonitrile/water was freafed with 5.3 mL of acetic acid, and stirred for 8 hours at 
ambient temperature. The mixture was concentrated en vacuo, then repeatedly 
concentrated after addition of toluene to yield 0.797 g of crude 6-C)-methyl-14,15- 
10 dehydroerythromycin A *9-oxime. 

Preparation F: 6-0>methvM4J5'dehvdroervthromvcin A 

A solution of 6-0-methyI-14,15-dehydroerytKrbmycin A 9-dxim^ (0.797 g) and 

sodium hydrosulfite (85%, 1 .02 g) in 7.5 mL of 1 : 1 ethahbl/Water was filaced under 

15 inert atmosphere. Formic acid (0. 1 86 mL) was added dropwise, and the mixture was 
' stirred at 80 for 3 hours. After cooling to ambient temperature, the' reaction was 
adjusted to pH 10 with 6 N NaOH and extracted three times with 1 50-mL portions of 
ethyl acetate. The orjganic extracts were combined and washed sequentially with 
saturated NaHCOj, water, and brine. The organic phase was dried with MgS04, 

20 filtered, and evaporated to yield 0 6S g of 6-0-methyi- 1 4, 1 5-dehydroerythromycin A 
suitable for fiirthef conversion. 

Example 6 

25 Preparation A: 15>Methvlervthromvcin A 9-oxime 

A suspension of is-metfiyleiythrbm A (20.0 g, 85% purity, 22.6 mmol) 
in 40 mL of 2-pr6panol was treated with'20.5 mL of 50% aqueous hydroxylamine and 
stirred until dissolved. Acetic acid (6.41 mL) was added and the mixture was stirred 
for 15 hours at 50 **C. Upon cooling to ambient temperature, saturated NaHCOj was 

30 added and the mixture was concentrated en vacuo to remove isopropanol. The 

resulting aqueous mixture was extracted three times with 250-inL portions of CHCI3. 
The organic extracts were combined, washed with saturated NaHCOj, water, and 
brine, then dried over MgSO^, filtered, and cdncehtrated to yield 20.5 g of cmde 
product. Analysis by LC/MS revealed a 94:6 mixture of ancl Z oximes, [M+H]* = 

35 764. 

Preparation B: 15-Methvlervthromvcin A 9-fO-n-is6propoxvcvclohexvn]oxime 
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5 The crude oxime from above (20.5 g) was dissolved in 55 mL of CHjClj and 

treated with 1 , 1 -diisopropoxycyclohexane (27.3 mL) and pyridinium p- 
toluenesulfonate (9.8 gm) for 15 hours at ambient temperatiire. The mixture was 
diluted with 160 mL of CH2CI2, then washed sequentially with saturated NaHCOj, 
water, and brine. The organic phase was dried with MgS04, filtered, and evaporated 
10 to yield a brown syrup. Chromatography on silica gel (gradient from 2:1 to 3:2 
hexanes/acetone +1% EtjN) yielded 18.0 g of product. 

Preparation C: 2\4 "-bis-0-trimethvisilvl-l^ A 940^(1- 

isopropoxvcvclohexvmoxime 

1 5 A solution of 1 5-Methylerythromycin A 9-[0-(l - 

isopropoxycyclohexyl)]oxime (9.00 g, 9.96 mmol) in 25 mL of CH2CI2 was cooled on 
ice under inert atmosphere and treated with a. solution of chlorotrimethylsilane (1.89 
mL) and 1-trimethylsily Imidazole (3.65 niL ) in 8 mL of CHjClj. After 30 minutes, 
the reaction was diluted with 250 mL of ethyl acetate and washed sequentially with . 

20 saturated NaH^COj, water, and brine. The organic phase was dried with MgS04, 

filtered, and evaporated. The crude product was purified by silica gel chromatography 
(gradient from hexanes to 10:1 hexanes/acetone + 1% EtaN), yielding 7.8 g of product. 



Preparation D: 2\4"-bis-0-trimethvlsilvl-6-0-methvl-lS-methvlervthromvcin A 9- 

25 \0'( 1 *isopropoxvcvclohexvD1oxime 

A solution of 2 * ,4"-bis-6-trimethylsii^^ 1 S-methj^lerytiiromycin A 9- [0-( 1 - 
isopropoxycyclohexyl)]pxime (21 J g, 2O.7 nmiol) in 41 .4 mL of tetrahydrofuran was 
cooled to 10 °C and treated with 41 .4 mL of methylsulfoxide and 20.7 mL of 2.0 M 
methyl bromide in ether xmder inert atmosphere. A mixture of methylsulfoxide (41 .4 

30 niL) and 1 .0 M potassium rerr-butoxide in tetrahydrofuran (41 .4 mL) was added at a 
rate of ca. 20 mL per hour. The reaction was monitored by thin-layer chromatography 
(silica gel, 10:1 toluene/acetone), and was judged complete after addition of L6 molar 
equivalents of base. The reaction was diluted with 200 mL of ethyl acetate and 70 mL 
of saturated NaHCOa. The mixture was transferred to a separatory funnel, diluted 

35 with 850 mL of ethyl acetate and 280 mL of saturated NaHCOj, then washed 

sequentially with water and brine. The organic phase was dried with MgS04, filtered 
. through Celite, and evaporated to yield 21.2 g. of crude 6-0-methyl-2\4"-bis-0- 
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5 trimethy Isilyl- 1 S-methylerythromycin A 9-[0-( 1 -isopropoxycyclohexyl)]oxime. This 
was carried on without further purification! 

Preparation E: 6-0-niethvM5^nietfavlervthromvcin A 9-oxime 
A solution of 6-Q-niethyl-2\4"-bis-0-triniethylsilyi-15-niethyIerythroniycin 
10 A 9-[0-( 1 -iscprbpoxycyclohexyl)]oxime (2 1.2 g) in 1 1 0 mL of acetoriitrile was 
treated with 55 mL of water arid 67 iriL of acetic acid, and stirred for 8 hours at 
ambient temperature. The mixture was concentrated en vacuo, theh' repeatedly 
concentrated after addition of toluene to yield 19.7 g of 6-0-methyH5- 
methylerytlifomycin A 9^o'xime; • « ' 

15 

Preparation F:6>:0>methvl>15-methvlervthromvcin A 
A solution of 6-0-methyl^l5-methylerythr6mycin A g) and 

sodium hydrosulfite (85%, 23.1 g) iri 280 mL of 1 : 1 ethanol/water was placed under 
• inert atmosphere. Formic acid (3 ;75' mL) was added df opwise, and the mixture was 
20 stirred at 80' °C for 4.5 hoursV After cooling to ambient temperature, the reaction was 
treated with saturated NaHGOj arid extracted'three times with 4bOr-mL portions of 
ethyl acetatie. The organic extracts* were c6iiibined%l<d waished seiquentially with 
saturated NaHGOa, water, and brinef. The brgaiiic phase was dried with MgSOa, 
filtered, and evaporated to yield 15.1 g of 6-0-methyl-15-methylerythromycin A 
25 suitable for fiirther conversion. 

" i*".:"!- : ' r- ^ w: ■^- 

■'\..y r - ■ ' Example? 7 ' ' • 

30 ■ : : i.-.y.':- ^; ^::.v:-:v-. ... 

Preparation A: 6-0-methvl-3-^descladinosvrrl 4^norervthromvcin A 
A mixture of 6TO-methyl-] 4-norerythrariiycin A (77 nig),' 0:073 ml of 12 N 
HCl and-water (2 ml) was stirred at ambient temperature for 3 hours.. The mixture 
was brought to pH 8 with 8 N KOH, and extracted with ethyl acetate. The organic 
35 extract was washed with brine, dried with MgSO^, filtered, and. evaporated. The 

residue was chromatographed on silica gel (3:l/hexanes:acetone, l%. triethylamine) to 
give pure product as a white solid (42 mg). Mass spectrometry reveals [M+H*] = 576. 



BNSOOCID: <WO_00B2783A2_|_> 



wo 00/62783 



PCTAJSOO/10276 



.r^. -49- 

Preparation B: 2'-0-Acetvl-6»0"methvU3rdescladinosvl-14-norervthromvcin A 
A mixture of 6-0-methyl-3-descladinosyl-14-norerythromycin A (73 mg), 
potassium carbonate (20 mg), acetic anhydride (14|il) and acetone (1 ml) was stirred 
at ambient temperature/pr 1.8 hours. Ethyl acetate was added, washed with water and 
10 brine, dried over MgSO^, filtered, and evaporated. The residue was chromatographed 
on silica gel (3: l/he^anes:acetone, 1% triethylamine) to yield the pure product (71 
mg) as a white solid. Mass spectrometry reveals [Mt*-H*] = 618. 

Preparation C: 2'-0-Acetvl-6-0-methvl-3-descladinosvl-3-oxo-14-norervthromvcin 
15 A 

A solution of 2'-0'acetyl-6-0-methyl-3rdescladinosyl-14-norerythromycin A 
. (99 mg) and l-(3-dimethyla^iinGpropyl)-3-ethylcarbodiidrnide(EDC) hydrochloride 
(206 mg) in dichlorpmethane (2 ml) was: treated with DMSO (0.2 1 ml) and cooled to 
5?C. A solution of pyridiniiicn jrifluoroacetate.(2p8 mg) in dichloromethane (2 ml) 
20 V was added vza a syringe pump in 4 hours. Ethyl acetate was then added, washed with 
saturated NaHGOa, water, brine, and dried oy« MgSO^ filtered, and evaporated. The 
residue was chrornatographed. on silica gel (3; l/hexan€s:acetone, 1% triethylamine) to 
yield the pxure product (S|4 mg);,as . ^ white solid. Mass spectrometry reyeals.[M+ir] = 
.616., ;•o..,r-^i :v--^-:^rr -.^ • - 

Preparation D: 2'>0>Acetvl-6-0-methvl-3-descladinosvl-3'Oxo-l l-O- 
methanesulfonvl-M-norervthromvcin A 
To a solution of 2'-0-Aeetyl-6-0-methyl-3-descladinosyl-3-oxo-14- 
30 norerythromycin A.(93 mg) in dry pyridine (1 ml) was added methanesulfonyl 

chloride,(0.057.mj): at .5*^C.. After 3 hours at S^^C^ilite reaction warmed to ambient 
temperature and kept for. an additional 15 .hours. -Tl^e niix with ethyl 

acetate, washed with saturated NaHC03(2x), water (3x), brine, and dried over MgS04, 
filtered, and jevaporated. ' The residue was chroma:tographed on silica gel 
35 (2: l/hexaiies:acetone, .1%^ triethylamine) to yield the pure product (72 mg) as a white 
solid. . Mass spectrometrj' reveals [M+H*3 == 695. 
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5 Preparation E: ^ -0-Acetvl-6-0-methvU3-descladinosvl-3-oxo- 10.11 -anhydro- 1 4- 

norervthromvcin A ' 
A solution of 2 '-O-acety l-6-0-methyr-3-desctadinosyl-3-oxo- 1 1 -O- 
methanesulfonyl-14-norerythromycin A (73 mg) in acetone (1ml) was treated with 
diazabicycloundecene (32 yd) at ambient fenipefature for 1 8 hours. The mixture was 
10 diluted with ethyl acetate, washed with saturated NaHC03, water, brine, and dried 

over MgS04, filtered, and evaporated. The residue was chromatographed on silica gel 
(2:l/hexanes:acetone, 1% triethylamine) to yield the pure product (50 mg) as a white 
solid. Mass spectrometry reveals [M+H^] = 598. ^^C-NMR (CDCr3, 100 miz): 6 
207.02, 204.50, 169.63, 168.72, 142.52, 139.40, 101.87, 80.61, 80.02, 77.14, 72.66, 
15 71.48, 69.09, 63.56, 51.35, 50.56, 47.12, 40.61, 39.73, 37.36, 30.36, 21.32, 21.06, 
20.96, 20.67, 18.45, i4,34, 13.89, 13.55, 13.45. 

Example 8 

20 

Preparation A: 2'-Q-Benzovl-6-d>methvl-'14 J 5>dehvdroervthromvcin A 

A solution of 6-0-methyl-14,15-dehydroerythromycin A (668 mg), benzoic 
anhydride (385 mg), and triethylariiine (0.25 niL) In 3.6 niL of CHjClj was stirred for 
2 days. After addition of saturated NaHC03, the mixtiire was exfracted three times 
25 with CH2CI2. The organic extracts were combined and evaporated to dryness, and the 
product was purified by silica chromatography (90:9:1 toluene/acetone/Etjhi) to give 
477 mg of product; LC-MS shows^[M+H]* = 850.6. 

Preparation B: 2*-6-Benzovl-6-0-methvl4'\l l-bisfO-methanesulfonvlV14J 

30 dehvdroervthromvcin A 

A solution of 2'-0-benzoyl-6-0-methyl-14,15-dehydrberythrom^^ A (549 
mg) and methanesulfonyl chloride (0.50 mL) in 2.39 iriL of pyridine was stirred for 24 
hours, then diluted with CHjClj and saturated NaHCOj. The mixture was extracted 
three times with CH2CI2. The organic extracts were combined and evaporated to 

35 dryness, and the product was purified by silica chromatography (90:9:1 

toluene/acetone/Et3N) to give 530 mg of product; LC-MS shows [M+H]"" = 1006.5. 
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5 Preparation C: 2''O-Benzovl-6-O-niethvM"-O-methanesulfonvl-10J l-anhydro- 
14.15-dehvdroervthromvcin A _ . . 

A mixture of 2'-0-benzoyl-6-0-methyl-4",l 1 -bis(0-methanesulfony 1)1 4,15- 
dehydroerythromycin A (59 mg).and digizabicycloundecene (0.018 mL) in 0.195 mL 
of acetone was stirred for 24 hours, then dried in yacuo. The product was purified by 
10 silica chronniatography . (90:9:1 toluene/acetone/EtjN) to give 50 mg of product; LC- 
MS shows [M+Hf = 910.5. 

Preparation D: 2^0 -Ben2ovl^6-0-methvl-3>descladinosvl-l 0,1 l-anhvdro-14a 5t 
dehvdroervthromvcin A . 

15 A mixture of 2 ' -O-benzoyl-670-methy 1-4" -O-methanesulfony 1- 1 0, 1 1 - 

anhydro-14,15-dehydroerythromycin A (337 mg), 1.5 niL of acetonitrile, and 6.9 mL 
of 3 N HCl was stirred for 22 hours. The acetonitrile was removed in vacuo, the pH 
of the aquesous residue was adjusted to 12 by addition of NaOH, and the product was 
extracted using 4 portions of CHjClj. The combined extracts were dried and 

20 evaporated. The product was purified by silica chromatography (gradient from 96:4 
CHjClj/MeOH to 95:4:1 CHjClz/MeOH/Et^N) to give 197 mg, [M+H]* = 674.4. 

Preparation E: 2 *-Q-Benzovl>6-0-methvl-3-descladinosvl'3-oxo- 1 0, 1 1 -anhvdro- 
1 4, 1 5-dehvdroervthromvcin A 

25 A suspension of 2'-P-benzoyl-6-O-methyl-3-descladiiiosyl-10,l l-anhydro- 

14,15-dehydroerythrpmycin A (226 mg) and the Dess-Martin periodinane (427 mg) in 
14.6 mL of CH2CI2 (1 4,6 mL) was stirred for 1 hoiir. the mixture >yas diluted with 
CH2CI2 and saturated NaHCOj. The product was extracted using 3 portions of 
CH2CI2, and the extracts were combined, dried, and evaporated. Silica gel 

30 chromatography {90:9: 1 toluene/acetone/EtjN) yielded the product, 168 mg. [M+H]" 
= 672,4. ;'C-NMR (CDCI3, 100 MHz): 5 206.78, 203 (br), 168.19, 165,08, 141.36, 
139.58, 132.74, 131.51, 130.46, 129.79, 128.25, 120.18, 102.09, 80.79, 80.40, 78.70, 
72.52, 71.91, 69.19, 63.76, .51.10, 50.54, 47^08, 40.73, 39.87, 37.77, 31.23, 22.13, 
20,98, 18.52, 14.28, 14.15, 13.55. 

Example 9 
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5 Preparatio n A: 6-Q>methvl-3-descladinQsvl-15-niethvlervthromvcin A 

A mixture of 6-0-methyl-15-methylerythromycin A (15.1 g) and 280 mL of 
0.5 N HCl was stirred at ambient temperahire for 3 hours. The pH was adjusted to 9 
by addition of 6 N NaOH, and the resulting precipitate was collected by vacuum 
filtration, washed with water, and dried. The filtrate was extracted three times with 
10 400-mL portions of ethyl acetate. The organic extracts were combined, washed 
sequentially with saturated NaHCOs, water, and brine, then dried over MgS04, 
filtered, and evaporated to provide further product. The combined crude products 
were chromatographed on silica gel to yield 9.35 g of pure 6-0-methyl-3- 
descladinosyl-15-methylerythromycin A. .ES-LC/MS shows [M+H]' = 605. 
15 . \ ^ - . 

Preparation B: 2'-Q-Acetvlr6>0-methvl-3-descladinosvI-lS-methvlervthromvcin A 
A solution of acetic anhydride (2.92 mL) in 35 mL of ethyl acetate was added 
dropwise to a solution of 6-0-methyl-3-descladinosyl-15-methylerythromycin A (9.35 
g) in 40 mL of ethyl acetate. Th^ mixture, was stin*^ for 30 minutes aftCT completion 
20 of addition, then concentrated. Chromatography on silica gel (2:1 hexanes/acetone) 
gave 8.35 g of 2'-0-acetyl-6-0-methyl-3rde$c^dinosyl-15^ A. 
ES-LC/MS shows [M+H]" = 647. . . , , „ 

. Preparation C: 2*-0-Acetvl-6'0-methvl-3-descladinosyl-3-oxo-15- 

25 methvlervthromvcin A 

A solution of 2'-Oracetyl-6-0-niethyl-3-desck 
A (8.3 g) and l-ethyl-3-(dimethylaminopropyl)carbodiimide hydrochloride (16,51 g) 
in 64 mL of dichloromethane apd 15.47 mL of methylsulfoxide was placed under inert 
atmosphere and cooled on ice: A solution of pyridinium trifluorpiacet^^ g) in 

30 64 mL of dichloromethane wa^ added at a rite such that addition would be complete 
in 4 hours, and the reaction was monitored by thin-layer chromatography; Complete 
reaction was observed after/additidn? of 73%. of the solution, and so the reaction was 
then quenched by addition of 6Q0.mL of ethyl acetate^d::200 mL of saturated 
NaHCOj. The organic layer was-xoUected and washed, sequentially with saturated 

35 NaHCOj, water, and brine, then dried over MgS04, filtered j~ and evaporated to yield 
8.4 g of crude product. Chroniatography on silica gel .(3.:l hexanes/acetone).gave 6.75 
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5 g of 2'-0-acetyl-6-0-methyl-3-descladinosyl-3-oxo-15-methylerythromycin A. ES- 
LC/MS shows [M+H]" = 645. 

Preparation D: 2'-0-Acetvl-6-6-methvl-3>descladinosvl-3-oxo-l l-O- 
methanesulfonvl'15-methvlervthromvcin A 

10 Methanesulfonylchloride (5.68 mL) was added dropwise to a solution of 2'- 

0-acetyl-6-0-methyl-3-descladinosyl-3-oxo-15-methylerythromycin A (6.73 g) in 35 
mL of pyridine at 0 ''C . The mixture was brought to ambient temperature and 
quenched by addition of 700 mL of ethyl acetate and 200 mL of saturated NaHCOj. 
The organic layer was collected and washed sequentially with saturated NaHCOj, 

15 water, and brine, then dried over MgS04, iPiltered, and evaporated to yield 8.2 g of 

crude product. Chromatography on silica gel (5:2 hexanes/acetone) gave 5.04 g of 2'- 
'' 0-a!cetyl-6i-6-iriethyl-3-desciadiii l-O-methanesulfonyl-l 5- 

niethyleiythromycm A/ ES-LC/MS shows^'i^^ ' . 

20 Preparation E : 2 * -O- Afcetvl^6-0^nriethvl-3^descladiiiosvl-3-oxo- 1 0. 1 1 >anh vdro- 1 5- 
^ ' ' TnethvlierVttoomvcin A ^ ' 

l,8-Diazabicyclo[5.4:0]undec-7-eine (5.2tniL) was added dro 
solution of2'-0-acetyl-6-0-methyl-3-descladiri6syl-3-oxo-ll-0-methanesulfonyl-15- 
methylerythromycin A (5.03 g) in 23 mL of acetone. The solution was concentrated 
25 after 4.5 hoUfs, arid the residixe was chroiriatographed on silica gel (5:2 
hexanes/acetone) to give 3^72 g of 2''-0-3:cetyl-6-0-meth 
i5,l l-ahhydr6-15-methyl(^ryth^^^ A. ES-LC/^vI^ shows [KI^H]' = 627. 

E xample 10 

30 . ' Synthesis of 2'^0-acetvlr6rO-methv]-3-descladinosvl-3rQXQ-l 1 1 ^ anhvdro-2-fluoro- 

1 S-methvl-ervthromvcin A 

A solution.of2-VO-acety l-6-0-methylr3-d'escl^^^ 

methyl-eiythromycin A (198 mgi 0.316 rnmol) in 2vl niL of tetrahydrofiiran under 
35 inert atmosphere was cooled to. -78 and treated with 0.93 1 niL of 1.0 M potassium 
/erif-buioxide in tetrahydrofuran; The mixture was stirred for 5 minutes, and a 
solution of N-fluorbbenzenesulfpnimide (230 mg) in 0.5 mL of tetrahydrofuran was 
added in three portions over 2 hours. After addition, the reaction was allowed to 
warm to ambient temperature and kept for an additional 5 hours. Aqueous K^COj was 
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5 added, and the mixture was extracted with three 50-mL portions of CH2CI2. The 
organic extracts were combined, dried ovi^r MgS04, filtered, and evaporated. 
Chromatography on silica gel (90:9:1 toliiehe/acetone/EtjN) gave 95 mg of product as 
a white solid. ES-LC/MS: [M+Hf'= 645. ''C-NMR (CDCla, 100 MHz): 5 206.95, 
203.02 (br), 169.77, 166.08 (d,'jCF ^23 Hz), 141.71, 138.43, 101.63; 98.02 (d, JCF = 
10 203 Hz), 80.09 (br),* 79.71, 78.27773.26, 71.52, 69.08, 63*33, 49.18, 40.61, 40.32, 
41.79, 40.61, 40.32, 31.5^, 31.47, mSO^ 24.37 (d,JCF = !23 Hz); 23.19, 22.63, 20.95, 
20.68,19.80,19,47,14.10,14.06,13.55. • - : 

Example 1 1 

15 Preparation A: Conversion of Formula (8) to Formula (II) where X = H. Rp = propyl 
andR^ = allvl. ' \ : . J/^ 

Step 1 : A solution of 2',4"-bis-0-trimethylsilyl-15-methylerythromycin A 9-[0-(l- 
isopropoxycyclohexyl)]bxime (7.8 g, 7.44 ihfndl) in 30 nlL of fetrahydtofurto was 

20 cooled on ice and treated with 30 niL of methyisuifoxid^e arid 2.58 mL of freshly 
distilled ally! bronwde under inert atnib^Kere. A mixture oiF niethylsulfoxide (29.8 
niL) and 1.0 M potassiiun /err-butbxide in tetraHydrofufan (29.8 mL) was added at a 
rate of 1.33 molar equivalents of base per hoiirV'The'reabtiori was monitored by thin- 
layer chrorhatograpby (silica gel, 10:1 toluene/acetone) *' and Was judged complete 

25 after addition of 3.6 molar equivalents of base. The reactiori'was'ciiruted with 700 mL 
of ethyl acetate and washed sequentially with saturated NaHC03i water, arid brine. 
The organic phase was dried with MgS04, filierefd, arid evaporated to yield 8.08 g of 
crude 6-0-allyl-2\4"-bis-6-trimethylsiiyl- 1 5-methylerythromycin A 9-[0-(l - 
isopropoxycyclohexyl)]oxime. This was ciarried on without further punficiation. 

30 

Step 2 : A solution of 6-6-aily 1-2 \4"-bis-0-trimethylsir^^ A 
9-[0-(l-isopropoxycyclohexyl)]oxiriie (8.08 g) in 42 rrxL 6f iacetonitrtle was treated 
with 21 mL of water and 24 mL of acetic acid,' aiid stirred fdr 18 hours at ariibient 
temperature. The mixture was concentrated after addition of 2-propanol, then 
35 repeatedly after addition of toluene to yield 7,7* g of crude product. Chroriaatography 
on silica gel (gradient fi-om 2:1 to 1:1 hexanes/acetone +1% EtjN) gave 3.75 g of 6- 
O-allyl-1 5-methylerythromycin A 9-oxime. 
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5 

Step 3 : A solution of 6-0-allyl-15-methylerythromycin A 9-oxinie (3.75 g) and 
sodium hydrosulfite (85%, 5.37 g) in 66 mL of 1 : 1 ethanol/water was placed under 
inert atmosphere. Formic acid (0.845 mL) was added dropwise, and the mixture was 
stirred at 80 °C for 3.5 hours. After cooling to ambient temperature, the reaction was 
10 adjusted, to pH 10 with 6 N NaOH and extracted three times with 150-mL portions of 
ethyl acetate. The organic extracts v/erc combined and washed sequentially, with 
saturated NaHCOj, water, and brine. The organic .phase was dried with MgS04, 
filtered, and evaporated to yield 3.42 g of 6-0-allyl-15-methylerythromycin A suitable 
for further conversion. 

Preparation B: Conversion of Formula (8> to Formula (in where X = H, = methyl 

and R, = allvl. 

SteaJ.: A solution of 2 ' ,4"-bis-0-trimethylsily 1- 1 4-norerythromycin A 9-[0-( 1 - 
20 isopropoxycyclohexyl)]oxime ,(202 mg) in tetrahydrofuran (0.4 mL), DMSO (0.4 
-xnL), and ether (0.04 mL) was cooled to 10 °C and treated with 0.035 mL of freshly 
distilled allyl bromide underinert atmosphere. A mixture of methylsulfoxide (0.4mL) 
and 1 .0 M potassiiun rerr-butoxide in tetrahydrofuran (0.4 mL) was added at a rate 
0,22 .mL/hour. The reaction was monitored by thin-layer chromatography (silica gel, 
25 5:1 toluene/acetone. ITie reaction was dil^^^^ 

sequentially with saturated^ NaHCOj, water, and brine. The organic phase was dried 
with MgS04, filtered, and evaporated to yield 222 mg of crude 6-0-fllyl-2 \4"-bis-0- 
trimethylsilyl-l 4-norerythromycin A 9-[p-(l-isopropoxycyclohexyl)]oxime. This 
was carried on without further puri^ 

30 

. Step 2 : A soluUon of 6-0-an^^^^ A 9- 

[0-(l-isopropoxycyclohexyl)joxime (222 mg) in 4 mL of acetonitrile was treated with 
2 mL of water and 2.4 mL of acetic acid, and stirred for 1 8 hours at ambient 
temperature. The mixture was concentrated after addition of 2-propanol, then 

35 repeatedly after addition of toluene to yield 220 mg of crude 6-0-allyl-14- 
noreryjhromycin A. 9-oxime. 
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Step 3 : A solution of 6-0-alIyl-l4-rioreiythromycin A 9-oxime (220 mg) and sodium 
hydrosulfite (85%, 322 mg) in 4 niL of 1 : 1 ethanol/water was placed under inert 
atmosphere. Foimic acid (0.050 mL) was added dropwise, and the mixture was 
stirred at 80 °C for 15 hours. After cooling to ambient temperature, the reaction was 
adjusted to pH 10 with 6 N NaOH and extiracted three tinies with 150-niL portions of 
ethyl acetate. The organic extracts were combined and washed sequentially with 
saturated NaHCOj, water, and brine. The organic phase was dried with MgS04, 
filtered, and evaporated to yield 156 mg of 6-0-allyl-14-norerythromycin A suitable 
for further cbrivesrsion. ' ' " 



15 Other embodiments : In a similar manner, compounds of formula (1 1) wherein Ra is 
allyl, are prepared fi-om an intermediate where kl3 is butyl, behzyl,~vihyl, or 3- 
hydroxybutyl. 



20 



Scheme 5 



25 




26 



N-fluorobehzeriesulfontc acid 




27 



30 



35 



Example 12 ' ^ ' 
Conversion of Fomiiila f 1 lY to -Fonriiila f 1 4"^ YScheme""!) 

Step 1 . A mixture of the compound prepared in Examplie 1 1 (77 mg, crude), 
0.073 ml of 12 N HCl and water (2 ml) was stirred at ambient temperature for 3 hours. 
The mixture was brought to pH 8 with 8 N KOH, and extracted with ethyl acetate. 
The organic extract was washed with brine, dried with MgSb4, filtered, and 
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5 evaporated. The residue was chromatographed on siUca gel (3:l/hexanes:acetone, 1% 
triethylamine) to give pure product as a white solid (42 mg). 

Step 2. To protect the 2' OH, a mixture the above compound (73 mg), 
potassium carbonate (20 mg), acetic anhydridp (14|al) and acetone (1 ml) was stirred 
at ambient temperature for 18 hours. Ethyl acetate was added, washed with water and 

10 brine, dried over MgSp4, filtered, and evaporated. The residue was. chromatographed 
on silica gel (3 : l/hexanes:acetone, 1% triethylamine) to yield the pure product (71 
mg) as a white solid 

Step 3. A solution of the compoimd resulting from step 2.(99 yng) and l-(3- 
dimethylaminopropyl)-3-ethylcarbodiidmide (EDC) hydrochloride (206 mg) in 

15 dichloromethane (2 ml) was treated wit^i DMSQ (0.21 ml) ajpid cooled to S^'C. A 

solution of pyridinium trifluoroacetate (208 mg) in dichloromethane (2 ml) was added 
via a syringe pump in 4 hours. Ethyl acetate was then added, washed with saturated 
NaHCOj, water, brine, and dried over MgS04, filtered, and evaporated. The residue 
was chromatographed on siHca gel (3:l/hexanes:acetone, 1% triethylamine) to yield 

20 the pure compound of formula (14) (94 mg, is allyl, is acetate and R,3 is CH3). 

Step 4. To deprotect 2 VGHi a- solution of the compound resulting from step 3 
(94 mg) in 5 mL methanol was stirred at room temperature for 24 hours. The solvent 
was removed in vacuo to give the desired compound of formula (14) (R. is allyl, Rj is 
H, and R,3 is CH3). 

25 . Other embodiments: In a'similar manner, compounds of formula (14) wherein 

R, is allyl, Rj is H, and R,3 is ptrppyl, butyl, ^enzyl, vinyl, or 3-hydrpxybutyl is 
prepared. ' 

Example 13 

30 Conversions at -ORj 

A. Allyl -^Propyl . . / 

A solution of either of the compounds from steps 3 or 4 of Example 12 (0.2 
mmol) in ethanol is flushed with nitrogen and 1 0% palladium on carbon (20 mg) 
added. The mixture is then flushed with hydrogen and the reaction mixture stirred 
35 overnight imder positive hydrogen pressure. The reaction mixture is filtered and 
concentrated./Vi vacuo to give a glass. Chromatography on silica gel (95:5:0.5 
dichloromethane-methanol-ammonia) gives the propyl compounds as white sohds. 
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5 B. Allyl -> -CHjCHO 

Ozone is passed through a solution in dichloromethane (100 mL) of 
either of the compounds from steps 3 or 4 of Example 12 (4.0 mmol) for 45 minutes. 
The reaction mixture is then flushed with nitrogen for 10 minutes. Dimethyl sulfide 
(1.46 mL, 20 mmol) is added at -78**C and the reaction mixture stirred for 30 minutes 
10 at 0**C. The reaction mixture is concentrated in vacuo to give a white foam which is 
used without further purification by heating a solution of the compound in THF (40 
mL; 4.0 mmol) and triphenylphosphine (2.62 g, l5,6 mmol) at 55°C for 2.5 hours. 
The reaction mixture is concentrated in vacuo to give a white foam. Chromatography 
on silica gel (1:1 acetone-hexane, then 75:25:0.5 acetone-hexane-triethylamine) gives 
15 the desired compound as a white solid. 

C. Allyi-^.CH2CH=NOH 

To a solution in methanol (5 mL) of the compound prepared in B wherein is. 
-CHjCHO, (0.08 mmol) is added triethylamine (3 1 L, 0.225 mmol) and 
hydroxylamine hydrochloride (7.7 mg, 6.1 12 mmol) and the reaction mixture stirred 
20 for 6 hours at ambient temperature. The reaction mixture is taken up in ethyl acetate 
and washed with aqueous 5% sodium bicarbonate and brine, dried over sodium 
sulfate, and concentrated in vacuo to give a clear glass. Chromatography on silica gel 
(95:5:0.5 dichlofomethane-methanol-ammonia) gives the compound as a white solid. 



D. .CH2CH=NOH -CH^CN 



25 To a solution under nitrogen of the compound prepared in C (0.267 mmol) in 

THF (5 mil) is added diisopropylcarbodiimide (83 \xL, 0.534 mmol) and CuCi (2.7 
mg, 0.027 mmol) and the reaction mixture is stirred overnight at ambient temperature. 
The reaction mixture is taken up in ethyl acetate and washed with aqueous 5% sodium 
bicarbonate and brine, dried oyer sodium sulfate, and concentrated in vacuo to give a 
30 clear glass. Chromatography on silica gel (95:5:0.5 dichloromethane-methanol- 
anamonia) gives the desired compound as a white solid. 
E. -CH2CHO ->-CH2CH2NH2 

To a solution in methanol (10 mL) of the compound prepared in B (0.276 
mmol) is added ammonium acetate (212 mg, 2.76 mmol) and the mixture is cooled to 
35 O^C. Sodium cyanoborohydride (34 mg, 0.553 mmol) is added and the reaction 

mixture stirred for 30 hours at 0**C. The reaction mixture is taken up in ethyl acetate 
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5 and washed with aqueous 5% sodium carbonate, aqueous 2% 

tris(hydroxymethyl)aminomethane, and brine, dried over sodium sulfate, filtered, and 
concentrated in vacuo. Chromatography on sihca gel (90:10:0.5 dichloromethane- 
methanol-ammonia) gives the desired compound as a white solid. 

F. -CH.CHO -CHjCHjNHCH^-Phenyl 

10 To a (fC solution in methanol (10 mL) of the compound prepared in B (0.200 

mmol) is added acetic acid (114 |aL, 2.00 mmol) and benzylamine (218 fiL, 2.00 
mmol) and the mixture is stirred for 10 minutes. Sodium cyanoborohydride (24.8 mg, 
0.400 nmiol) is added and the reaction mixture stirred for 16 hours. Additional 
sodium cyanoborohydride (24.8 mg, 0.400 mmol) is then added and stirring continued 

15 for 5 hours. The reaction mixture is taken up in ethyl acetate and washed with 

aqueous 5% sodium carbonate, aqueous 2% tris(hydroxymethyl)aminomethane, and 
brine, dried over sodium sulfate, filtered, and concentrated in vacuo. Chromatography 
on sihca gel (95 :5:0.5 dichloromethane-methanol-ammonia) followed by a second 
chromatography (50:50:0.5 acetone-hexanes-triethylamine) gives the desired 

20 contipound as a white foam. 

G. -CHjCHO ^ -CHjCHjl^CHjC^^^^^ 

To a O^'C solution in methanol (10 mL) of the compound prepared in B (0.200 
mmol) is added acetic acid (1 14 |iL, 2.00 mmol) and phenethylamine (218 L, 2.00 
mmol) and the mixture stirred for 10 minutes... Sodium cyanoborohydride (24.8 mg, 
25 0.400 mmol) is added and the reaction mixture stirred for 16 hours. The reaction 
mixture is taken up in ethyl acetate and washed with a.queous 5% sodium carbonate, 
aqueous 2% tris(hydroxymethyl)aminomethane^ and brine, dried over sodium sulfate, 
filtered, and concentrated m vacwo. Cihromatography on silica gel (90:10:0.5 
dichloromethane-methanol-ammonia) gives the desired compound. 

30 " H. <H2Cho -^-ch2(:h2NHC^^ 

To a OX solution in methanol (10 mL) of the compound prepared in B (0.200 
mmol) is added L-phenylalanine methyl ester hydrochloride (129 mg, 0.600 mmol) 
and the mixture stirred for 10 minutes. Sodium cyanoborohydride 924.8 mg, 0.400 
mmol) is added and the reaction mixture stirred for 22 hoxirs. The reaction mixture is 
35 taken up in ethyr acetate and washed with aqueous 5% sodium carbonate, aqueous 2% 
tris(hydroxymethyl)aminomethane, and brine, dried over sodium sulfate, filtered, and 
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5 concentrated in vacuo. Chromatography on silica gel (95:5:0.5 dichloromethane- 
methanol-ammonia) gives the desired compound. . 
- L -GH^CHO -»-CH2CH2NHGHH4-pyridy^ . . 

The desired compound is prepared according to the method in G, except 
substituting 4-aniinomethylpyridine for phenethylamine. 
10 J. .CH2CH2>ffl2 -^-CH,CH2NHCHH4-quinolyl) 

To a solution of the compound prepared in E (0.15 mmql) in methanol (2 mL) 
is added 4-quinoiinecarboxaldehyde (23 mg, .0.15 mmol), acetic acid (8.6 L, 0" 15 
mmol), and sodium cyaiiobordhydride (9.4 mg, 0.15 mmol) and the reaction mixture 
is stirred for 15 hours. The reaction mixture is taken up in ethyl acetate and washed 
' is with aqueous, 5% sodium carbonate, aqueous 2% tris(hydroxjTBeteyl)amihQm^^ 
and brine, dried oyer sodium sulfate, filtered, and concentrated in vacuo: - f 
Chromatography on silica gel (95: 1 0:0.5 dichloromethane-methanol-ammonia) gives 
the desired compoimd. ; ? : ; 

. K.. Allyl->-CH2CH=CH^Phenyl . : ' ± 

20 To a solution under nitrogen of the 2 * protected compound prepared in 

Example 12 (LOO mmol), pMladium(n)acetate (22 ihg, 0.100 mniol), and 
triphenylphosphine (52 mg, 0.200 mmol) in acetonitnle (5. mL) >yas added ' \ 
iodobenzene (220 |iL, 2.00 mmol) and triethylamine (28Q ^L, 2.00 mmol) and the 
mixture is cooled to -78®C, de is then 

25 warmed to 60**C for 0.5 hours and stirred at 80^C for 12 hours, taken up in ethyl 

acetate and washed twice with aqueous 5% sodium bicarbonate, once with aqueous 
2% tris(hydroxymethyl)aminomethaiie, and once with brine, dried over sodium 
sulfate, filtered, and concenti^ted in vacuo. Chromatography on silica gel (95:5:0»5 
dichloromethane-methanol-aminoma) gives the desired compoimd. 
30 Deprotection is accomplished by heating in methanol. 

Other embodiments of formula (14) where R2 is H and R,3 is propyl; butyl, 
benzyl, vinyl, or S-hydroxybutyl ard ihose wherein ^ is: 



-CH^CHjCH^-phenyl; 


-CH,CH=CH-(4-methoxyphenyl); 


-CHjCH=CH-(4-chlorophenyl); 


-CH2CH=<:H-(3-quinolyl); 


-CH,CH,CHjOH; 


-CH,C(6)C)H; 


-CH2CH2NHCH3; ■ ' ■ 


-CHjCHMCHjOH; 


-CH,CHjN(CHj)2; 


-CHjCHjC 1 -rtiorpholinyl); 
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-CH2C(0)NH2; , ♦ 


-L>n2iNii.U^l^jINrl2, 


-CH2NHC(0)CH3; , - : . . 


-Cri2r , 


-CH2CH2OCH3; 


-\^rl2vri3. 


-CH2CH=CH(CH3)2 ; 


-Cii.2L.Xl2^"V^rl3 )^-'*A3 , 


-CH2CH20LH2Cli20Crl3; 


-v^ri20%-'ri3, 


-cyclopropyl; 






-^xi2-cy c lopropy 1 , 


-CH2GH2CHO; .r ■ ^ - : . 


-^^^SJJCll2^-"2^4*3 9 


y^TT / Jl - - ^ - .-1- tX- 

-CH2-(4-mtropnenyl); . 


. -L^iij-^^f-cniQrppnciiyij!,.. 


-CH2-(4-methoxypnenyi); 


-^.ri2-^^-cy aQopneny 1 j , 


-CH2CH=CHC(0)OCH3; 




-CH2CH=CHCH3; 


-L^rl2V^i^~v^rlv-'ri2^^3-> 


-CH2CH=CHCH2CH2CH3; 


-i^ri2v-' w^^rio v/2-pneny 1 , 


-CH2CCSi{GH3)3 




-CH2G GCH3; ^ 


-CHj-U-pynayi;, : < • . 


-CH2-(3-pyndyl); 


-CH2-(4-pynayij, . . • v 


-CH2-(4-quinolyl); 




-GH2G(0)OGH3; 


-L.ii2V-.(^iJj-pnenyi, ^ 






-CHjS(0)2-phenyi; ' ^ - * 


-GHXH^GHBr; 


-CH2CH=iCH-(4-quinolyl); ' ^ " ^ 


-GH2GH2GH2-(4-quiholyl); 


-CH2CH=CH-(5-quinolyi);' - • ..: 


:^CH2GH2GH2-(5-quinolyl); ' • 


-CH2CH=CH-(4-benzoxazo}yl); or.:; 


-CH2GH=GH<7-benzimidazo 



Example 14 

Preparation of CompouTid of Formula (Ys w here R = = H> X = H. R. = -OIL. 

is -^H.CH^H. (Scheme 3^ 

Step 1: Preparation to form lO.H^anhvdro form of intermediate compound (20): , R. 

is -CH.CH=CH^, R> is benzoyl. 

A: 6-Q>alivU3-descladinosvM5-methvl-erv thrQmvcin A 
15 A mixtm-e-of 6-0-aIlyl-15-methylerythromyci A (6.58 g) and 125 mL of 0.5 

N HGl was stirred at ^bient temperature for 20 hours. The pH was adjusted to 10 by 
addition of 6 N NaOH, and the mixture was extracted three times with 225-mL 
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portions of ethyl acetate. The organic extracts were combined, washed sequentially 
with saturated NaHCO^, water, and brine, then dried over MgSO^, filtered, and 
evaporated. The "crude product was chromatographed on silica gel (3 :2 
toluene/acetone + 1% EtjN) to yield 3 .04 g of pure 6-0-allyl-3-descladinosyl-15- 
methylerythromycin A. ES-LC/MS shows [M+H]' = 617. 

B. 2'-0-Benzovl>6-0-aIlvl-3-descladinosvM5-methvl-ervthromvcin A 
6-0-Allyl-3-descladinosyM5-methylerythromycin A (2.43 g, 3,86 mmol, 1.00 
eq) and benzoic anhydride (1.78 g, 7.72 mmol, 2.00 eq) were placed in a round- 
bottomed flask and flushed with Ethyl acetate (17.5 mL) was added. The solution 
was stirred for 3.5 h and then diluted with 400 mL of EtOAc and washed twice with 
150 mL of saturated aqueous NaHCOj and once each with 150 mL of water and brine. 
The organic phase was dried over MgS64, filtered, arid concentrated! Purification by 
flash chromatography over silica gel (3:1 hexanesiacetone +1% EtjN) gave 1 .94 g 
(68.1%) oif the desired product as a white solid. ES-LC/MS shows [M+H]'' = 721. '^C 
NMR (100.6 MHz, CDCI3) 8 2i9X 174.^, 165.^, 135J 132.6, 130.8, 129.7, 128.2, 
1 17.2, 99,7, 80^7, 79.0, 77.9, 77.7, 75.1, 74.3, 72.3, 69;0, 64.7, 63.3, 45.6, 43,9, 40.7, 
37.9,37.7,35.7,32.1,30.8,21.1,20.2, 19.3, 18.1, 16.3, 15.1, 14.0, 12.4, 7.7. ' 

C. 2'-0-Benzovl-6-0-allvl^S-desciaaitT^svl-^^^ A 
25 N-Chlorosuccinimide (0.5 1 0 g, 3 .82 nrniol, 1 .50 eq) w^ dissolved in 1 3 mL 

of anhydrous CH2CI2 and cooled to -10 "^C: uricier N2. Methyl sulfide (0.328 mL, 4.46 
iiimol, 1.75 eq) was added, and the reaction was stirred for 15 fnin. A solution of 2'- 
0-benzoyl-6-0-allyl-3-desc^adinbsyi-15-meihyleryth^^ g, 2.55 mmol, 
1.00 eq) in 13 mL of anhydrous CH2CI2 was added dropwise. After 30 min, fireshly 
30 distilled EtjN (0.355 mL, 2.55 mmol,' 1 .00 eq) was' added; ank the reaciioii'was 
brought up to 0 **C over 30 min. The reaction mixture was diluted with 400 mL 
EtOAc and washed successively with 100 niL each of saturated aqueous NiaHCOj, 
water, and brine. The organic layer was dried over MgS04, filtered, concentrated, and 
purified by flash chromatography (9:1 hexanes:acetone +1% EtjN) to give 0.931 g 
35 (49,9%) of the desired product as a white solid. ES-LC/MS shows [M+H]" = 719. 
NMR (100.6 MHz, CDCI3) 5 219.1, 206.1, 169.5, 165.3, 135.3, 132.7, 129.0, 129.7, 
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5 128.3, 1 17,4, 100.7, 78.5, 76,6, 75.3, 74,2,-72,1, 69.2, 69.0, 64.5, 63.7, 50.6, 45,3, 
44,8, 40.7, 38.3, 37.8, 31.7, 31.0, 21.1,. 20.2, 19.5, 18.1, 16.5, 14.5, 14.0, 12.6, 12.2. 

D. 2'-0-BenzovN6-0-allvl-3-descladinosvI-3-oxo-ll-0-methanesulfonvl-15-rnethvl- 
ervthromvcin A 

10 2'-0-Benzoyl-6-0-Allyl-3-descladinosyl-3-oxo-l 5-methyleiythroniycin A 

(904 mg, 1.24 mmol, 1 .00 eq) was dissolved in freshly distilled pyridine (4 niL) and 
cooled to 0 "^C. Methanesulfonyl chloride (6.478 mL, 6.17 i^tmol, 5.00 eq) was added 
dropwise. The reaction was allowed to come to ambient temperature and stirred 
overnight. The mixture yyas diluted with 350 mL of EtOAc and quenched with 100 

15 mL of saturated aqueous NaHC03, The layers were separated, and the organic phase 
was washed successively with 100 mL each of water and brine. The organic phase 
was dried over MgS04, filtered, and concentrated. Flash chromatography over silica 
gel (4:1 hexanes-acetone + 1% EtgN) gave 741 mg (74.1%) of the desired compound - 
as a white solid. ^'C NMR (100.6 MHz, CDCI3) 5 203.0, 168.9, 165.0, 137.6, 133,1, 

20 130.3, 129.8, 128.5, 114.4, 108.8, 102.2, 91.1, 84.4, 81.6, 78.8, 72.2, 69.2, 64.3, 63.9, 
52.1, 46.6, 45.8, 40.7, 38.8, 38.2, 35.9, 31,8, 30,9, 29.7, 24.8, 21.0, 19.6, 18.2, 15.5, 
15.4, 13.8, 13.5. 

. E. 2 *-0-Benzoyl-6-0^allvl-3-desc]adinosvl-3-oxo- 1 0> 11 -anhvdro- 1 5-methvl- 
25 ervthromvcin A , . • ^ , >* • \ 

2 '-0-Benzpyl-6-0-aUyl-3-descl3diii^ 1 -nietihanesulfonyl- 1 5- 

methyl-erythromycin A (705 mg, 0.870 mmol, 1.00 eq). was dissolved in acetone (3 
mL), and l,8-diazabicyclo[5.4.0]undecT77ene (0.651 niL, 4^ 
added dropwise. The reaction was stirred at ambient tempera;tiire for 6 h and then 
30 concentrated. Flash chromatography over silica gel (4:1 hexanesracetone + 1% EtjN) 
gave 486 mg, (78.0%) of the desired compound as a white solid. '^C NMR (100.6 
. MHz, CDCI3) 5 210.1, 208.4, 170,2, 165.2, 141.0, 140.2, 136.3, 132.7, 130,4, 129.8, 
128.2, 115.5, 100.6, 81.0, 78.7, 77.2, 73.8, 72.0, 69.1, 64.6, 63,3, 51.0, 47.4, 40.8, 
39.4, 36.2, 31.9, 31.3, 23.6,21.2,21.1,21.0, 19.4, 14.1, 13.9, 13.7, 13.1. 
35 . . ... ... 

Step 2: Derivatization of Position 12 hvdroxvl of compound fl8^ from Illustrative 
Scheme 3: R. is -CH,CH=<:H.^ . R . is benzoyl. 
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5 2'-0-Benzoyl-6-0-allyl- 1 0, 1 1 -anhydro-3-descladinosyl-3-oxo- 1 5-methyl- 

erythromycin A (227 mg, 0.317 mmol, 1.00 eq) was' dissolved in 1.3 mL of freshly 
distilled THF arid cooled to -15 ""Cf uiid^r N^."^ Sodium hydride (25 mg of a 60% 
dispersion in mineral oil, 0.634 mmoU 2.00' eq) was added, and the reaction was 
stirred for 15 min. A solution of l,l-cart>onyldiimida20le (i40 mg, 0.866 mmol, 3.00 

10 eq) in 1.3 'mL of freshly distilled THF was added droi)wise. After stirring fdr 30 min, 
^ the reaction was allowed to warm to ambient temperature over 1:5 h. The mixture 
was diluteid'with 100 mL of EtOAc and washed successively With 30 mL each of 
saturated aqueous NaHCOj, water, knd brine. The organic phase was dried over 
MgS04, filtered, and concentrated to give 275 mg of crude product (100%) which was 

1 5 dissolved in 2 mL of ACN and 0.2 mL of anhydrous THP: Saturated aqueous 

ammonium hydroxide (2 mL) was added: The reaction was seal^ci and stirred for 2 d. 
Volatiles were removed under reduced pressiire, and the residue was re-dissolved in 
100 mL of EtOAc. The solution was washed successively witli 30 niL each of 
saturated aqueous NaHGOj, water, and brine. The organic pihase was dried over 

20 MgS04, filtered, and concentrated. Flash chromatography of the chide product (4: 1 
hexanes: acetone +1% EtjN) yielded 184 nig (76!5%) of the desired product. 

Example 15 

25 Preparation A: formula (1): X = H. is -CH . -^H=CH-(3-Quinolvn 
Step 1: 2'-0-Benzoyl"6-d-ailyr-l i-am 

15-methylerythromycin A i l,12-cyclic cafbam (40 nig, 0.0528 mmol, 1.0 eq), 

tris(dibenzylideneacetone) dipaUadium(0)-chlor6forin adduct (14 mg, 0.014 mmol, 

0.5 eq), tri-o-tolylphosphirie (17 nig, 0.055 mmol, 1.0 eq), arid 3-brbmoq[uinoline (72 

30 111, 0.53 nimol, 10 eq) were placed in a round-bottom flask which was flushed with 
N2. Degassed acetonitrile (1 mL) and freshly distilled EtjN (0.015 ml, 6.1 1 mmol, 2.0 
eq) were added. The reaction was refluxed for 63 h. The mixture was returned to 
ambient temperature and diluted with 40 mL of EtOAc. The solution was washed 
successively with 10 mL each of saitufated aqueous NaHCOj, water, and brine. The 

35 organic phase was dried over MgS04, filtered, and concentrated. Flash 

chromatography of the crude product (gradient from 5:1 to 2:1 hexanes: acetone + 1% 
EtjN) yielded 34 mg of the desired product. ' 
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Step 2: The above product (34 mg) was dissolved in 1 mL of methanol, sealed, and 
refluxed at 80 °C for 16 h. Volatiles. were removed under reduced pressure. Flash 
chromatography (1:1 hexanes:acetpne +1% EtjN) gave the desired product as a light 
yellpw solid (25 mg, 61% over two steps). ES-LC/MS: [M+H]" = 780,5. "C-NMR 
10 (CpClj, 100 MHz): &217.44„205.37, 169,48, 157.69, 149.71, 147.61, 132.51, 129.96. 
129.56, 129.15, 129.05, . 128.49, 128.Q5,, 126.70, 102.90, 83.42, 78.71, 76.42, 75.91, 
70.22, 69.53, 65,83, 64,31, 58.12, 50.81, 46.29, 46.12, 45.05, 40,18 (2 C), 39.05, 
, 37.31,. 31.64, 28.19,.2U15, 20:18, 19.43, 18.05, .14.38, 14.11, 13.76, 13.63 (2 C). 

15 Preparation B: fo rmula m: X = H. is-^H , -CH=CHrG-(6-flu6roQuinolvn 

This was prepared according to the method of Preparation A using 3,-bromo-6- 
,. : , fluproquinolines in place of 3-bromoquinoIine. ES-LC/MS: [M+H]" = 798.5. "C- , 
NMR (CDClj, 1 00 MHz): 5 21 7.49, 205.36, 1 69.54, 1 60.6 (Jcf = 248 Hz), 1 57.68, 
. 149.05„144.69, ^31.84, 131.64 (!„- 9 Hz), .130.28, 129.63, 129,31, 128.7 (Jcf = 10 
20 Hz), 1,19,20 (Jcf = 27 Hz), 1 10-87 (JcF:=f 22 Qz),. 102,94, 83.42,78.77, 76.44, 75.91, 
70.22, 69.55, 65.84, 64.24,-58.09, 50.83, 46,36,; 46,06, 45.05, 40.18 (2 C) 39.04, 
37.32, 31.63, 28.19, 21.16, 20.19, 19.46, 18.04, 14.37, 14.18, 13.76, 13.62 (2 C). 

' J ■ ■ ■ 

Preparation C: formula fr>: X = H. is -CHj-CH=CH-f3-(6-chloroQuinolvn 
25 . This is; p^ accbi ding to the niefliod of Preparation A usipg -Sibromo-6- 

chloroquinpline in place of 3-bromoquinoline. ES-LC/MS : [M+H]" = 814.5. "C- 
, NMR (CDCI3, 100 MHz): 6 217,48, 205.35, 109.55, 157,67, 149.90, 145,92, 132.42, 
. .. 131.49, 130.80, 130.44, 129.92, .129.49, 129,.46, 128.71, 126.57, 102.94, 83.41, 78.78, 
76.45, 75.91, 70.22, 69.54, 65.83, 64.23, 58.07, 50.83, 46.39, 45.99, 45.04, 40.17 (2 
, 30 , C), 39,03, 37.32, ,3.1 .62, 31.53, 28.18, 21.16, 20.17, 19.49, 18.04, 14.36, 14.21, 13.76, 
. 13.61 (2 C)... .- . . 

Preparation D: formula (lY. X = H. R, is -CH,-CH= CH-f4-isQQuinolvn 

This was prepared according to the method of Preparation A using 4- 
35 bromoisoquinoline in place of 3-bromoquinoline. ES-LC/MS: [M+H]~ = 781. "C- 
NMR (CDCI3, 100 MHz): 5 217.19, 205.43, 169.75. 157.39, 152.07, 140.74, 133.61, 
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5 130.65, 130.44, 128.07, 127.72, 127 .'OS, 126.89, 122.77, 102.85, 83.28, 78.74, 75.72, 

70.22, 69.51, 65.88, 64.45, 58.10. 50.91,' 46.07, 45.09, 40.18 (2 C) 38.99, 37.34, 
■ -31.48,29.66,28.28,-21.18,20.39, 19.33, 14.53,-14.01, 13.86, 13.66, 13:62. 

Preparation E: formula (JY. X = H. R, is -CH...CH='CH-f3-pvridvn 
10 This was iprepared according to thfc method of Preparation A using 3- 

bromopyridine in place of 3-br6moqumolihe. LC/MS: Pvl+H]" 731. "C-NMR 
(CDCI3, 100 MHz): 5 217.39, 205.27, 169.50, 157.61, 148.81, 148.68, 132.63, 132.16, 
129.65, 128.18, 123.46, 102.91, 83.36, 78.63, 76.-35, '75:79, 70.20, 69.52, 65.83, 
64.17, 58-06, 50.78, 46.28; 45.03, 40! 16 (2 C), 38.96, 37.29, 31.64, 31.52, 28.19,- 
15 22.58, 21.14, 20.21, 19.42, 18.04, 1.35; 14.12, 14.05, 13.79, 13.61 (2 C): 

Preparation F: formula (D: X = H. R, is -^H,-CH=CH-(3-r6-iTiethviduiriolvi'> 

This was prepared according to the method of Preparation A using 3-bromo-6- 
methylquinoline in place of -3-brom6qiMnoline. ES-LC/MS: [M+H]" = 795. '^C-NMR 
20 (CDClj, 100 MHz): 5 217.37, 205.35, 169.47, 157.65, 148.812, 146.23, 136.45, 131.87, 
131.37, 130.09, 129.5 i, 128.^8. 128.22," 128.06; 126.86, 102.87, 83.40, 78.68, 75.91, 
70.20, 69.47, 65.83, 64.33, 58.11, 50.81, 46.28; 45.04, 40.15 '(2 C); 39.05, 37.31, 
31.64,28.24,21.52,21.14, 20.18, 19.45, 18:05, 14.38, 14.11, 13.77, 13.63 (2 C). 

25 Preparation G: formula (D: X = H. R. is -CH,-CH=CH-(3-('6-aminoQuinolvn 

- This #as prepared according to the method of Preparation A using 6-bromo-6- 
aminoquinbline in pi^ibe of 3-b^roihi)iiUinblinfe. ES-LC/MS : [M+H]' = 796. 

Preparation H: fomiuia fP: X = H. is -CH^-CH^CH-f 3'-r5iiso^azol-3-vnthienvn 
30 This is prepared according to the method of Preparation A, usinjg' 5-(isoxazol- 

3-yl)-2-bromothiophene in place of 3-bromoquinoline. 

Preparation I: formula X = H: R: is -€fi:^k=^H-rg^uin61vn 
This is prepared according to the method of Preparation A, using 6-bromoquinoline in 
35 place of 3-bromoquinoline. ' " ■ • • ■ 

Preparation J: formula fP: X = H. R, is -CH.,-CH=CH-r3-quinoxal-6-vn 
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5 This is prepared according to the method of Preparation A using 6- 

bromoquinoxahne in place of 3-bromoquinoiine. 

Preparation K: formula fP: X = H, is ~C%CH=CH>f5^m>r2>pvridvn-2- 
furamidvn 

10 This is prepared accQr^ing to the njiethod of Preparation A, using N-(2-pyridyi) 5- 
hromo-2-furamide in place Qf .3-brompquinoline. 

Preparation AA: formula fP: X = F. R, is ;TTCH . -CH=CH-rn-quinolvn 

This was prepared according: to the method of Preparation A using 2'-0- 

1 5 benzoyl-6-O-allyl- 1 1 -amino-3-descladmosyl- 1 1 -deoxy-3rOXO-2-fluoro- 15- 

methylerythromycin A 1 1,12-cyclic carbamate in place of 2*-0-benzoyl-6-0-allyM 1- 
amino-3-descladinosyM l-deoxy-3-oxo-15-methylerythromycin A 11,12-cyclic 

. . carbamate. LC/MS: [Mi^Hr = 7?8.6,;^-NMR (CDCI3, 376 MHz): 5 -163.93. ''C- ' 
NMR (CDCI3, IQO MHz): 5 217.97, 2042S (Jcf <= 27 Hz), 165.62 (Jcf - 23 Hz), 

20 157.,18, 149.71, 147.70, 132.65, 1-30.25, 129.53, 129.22, 129.12, 129.06, 128.15, 
128.08, 126.78, 104.10,:^8.02 (Jcp r^ 206.Hz), 83.40, 79.59, 79.37, 77.57, 70.41, 
69.74, 65.85, 64.36, 58,1 1, 44,23, 40.83;XJcf = 1-5 Hz), 40,25 (2 C), 39.04, 37.45, 
31.37, 28.16, 25.30 (Jcf = 22 Hz)^ 21.19, 2P.86, 19.54, 17.67, 15.46 (Jp =1.7 Hz)., 
13.82, 13.80, 13.29. 

Preparation BB: formula flV. X = F> R, is -CH , ;CH=CH>(3-f6-fluoroquinolvn 

This is prepared according to the method of Preparation B_ using 2 '-:0-benzoyl- 
6-O-allyl- 1 1 -amino-3-descladinosyM 1 -deoxy-3-oxo-2-fluoro-l 5-methylerythromycin 
A 1 1,12-cyclic carbamate in place of 2'-0-benzoyl-6-0-allyl-l l-amino-3- 
30 descladinpsyl- 1 1 -deoxy-3-oxo- 1 S.-methylerythromycin A 11,1 2-"Cyclic carbamate. 

Preparation CC: formula flV. X = F. is -CH . >CH=CH-(3>(6-chloroQuinolvn 

This is prespared according to the method of Preparation C using 2'-0-benzoyl- 
6-0-allyl- 1 1 -amino-3-descladinosyl- 1 1 -deoxy-3-oxo-2-fluoro- 1 5 -methylerythromycin 
35 A 1 1,12-cyclic carbamate in place of 2*.0-benzoyl-6-0-allyl-l l-amino-3- 

descladinosyl-ll-deoxy-3-oxo-15-methylerythromycin A 1 1,12-cyclic carbamate. 
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5 Preparation DP: formula (D: X'= F: is ~CH.-CH=CH-(4-isoQuinolvn 

This is prepared according to the 'thethod of Preparation D using 2*-0- 
beiizoy 1-6-O-allyl- ii -anino-3-descla^^^^ 

methylerj^hromycin A 1 1,12-cyclic carbamate in place of 2'-0-benzoyl-6-0-allyH 1- 
amino-3-descladinosyl-l l-deoxy-3-oxo-15-methylerythromycin A 1 1,12-cyclic 
10 carbamate. 

Preparation EE: formula (I): X = F. JL is -CH . -CH^CH-raf-pvridvn 

This is prepcired according to the niethod of Preparation E using 2'-0-benzoyl- 
6-O-allyl- 1 1 -amino-3-deiscladin6syl-l 1 -deoxy-3-oxo-2-fluoro- 1 5-methylerythromycin 
15 A 11,12-cyclic carbamate in place of 2'-0-benzoyl-6-0-allyUl l-aniino-3- 

descladinosyl-ll-deoxy-3-oxo-l 5-methylerythromycin A 1 1,12-cyclic carbamate. 

Preparation FF: formula (D: X = F, R- is -CH.-CH=CH>(3-f6-methvlQmnolvn 

This is prepared according to the method of Preparation F using 2'-0-benzoyl- 
20 6-O-allyl- 1 1 -amino-3-descladiriosyl-l 1 -deoxy-3-oxd-2-fludro- 1 5-methylerythromycin 
A 1 1,12-cyclic carbaihate in place of 2'-0-benzoyT-6-0-aliyi-i f-ainino-3- 
descladinosyi-1 l-deoxy-3-oxo-i 5-ihethylerythfomy 1 1 ,li2:-cyclic carbamate. 

Preparation GG: formula (D: X = F, R, is ->CH . -CH=CH-(3-f6>aminoauinolvn 
25 This is prepared according to the method of Preparation G using 2'-0- 

benzpyl-6-O-allyl- 1 1 -aniino-3-descladinosyl; 1 1 -deoxy-3-oxo-2-fluoro- 1 5- 
methylerythromycin A 1 l,i2-cyclic carbaniate in place of 2'-0-benzoyi-6-0-allyl-l 1- 
amino-3rdesGladinqj5yl-l l-deoxy73-ox;p-15-meA^^ A 1 1,12-cyclic 

carbamate. • i . . j: * ' '.r- . • • ; 

30 • - . • _y : 

Preparation HH: formula /IV X ^ F. R. is ^%CH^ H-n.fS-isoxazol-3-vnthienvn 

This is prepared according to the meth using 2'-Ot 

benzoyl-6-O-allyl- 1 1 -aniino-3-descladinosy 1- 1 1 -deoxyT3-oxo-2rfluoro- 15- 
. methylerythromycin A 1 1,12-cyclic carbam?ite in place of 2'-0-ben?oyl-6-0-allyKl 1- 
35 amino-3-descladinosyl- 1 1 -deoxy-3-pxo- 1 5-methylerythromycin A 11,1 2-cyclic 
carbamate. 
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5 Preparation II: formula (D: X = F. is ^-C H^ -CH^CH^fe-quinolvn 

This is prepared according to the method of Preparation I using 2'-0-ben2oyl- 
6-0-allyl-ll-amino-3-descladinosyl-l 1 -deoxy-3-oxo72-fluoro-l 5-methylerythromycin 
A 11,12-cyclic carbamate in place of 2'-0-benzoyl-6-0-allyl-ll-amino-3- 
descladinosyl-l l-deoxy-3-oxo-15-methylerythromycin A 1 1,12-cyclic carbamate. 

10 

Preparation JJ: formula (IV X = F, R, is -CH.-CH=CH-n-Quinoxal-6-vn 

This is prepared according to the metho4 of Preparation J^using 2' -0-benzoyl- 
6-0-allyl- 1 1 -amino-3-descladinosyl- 1 1 -deoxy-3-oxo-2-fl]Lioro- 1 5 -methylerythromycin 
A 1 Ul 2iTcypIic carbamate in place of 2 '-D-benzoyl-e-O-allyl- 11 -amino-3- 
1 5 descladinosyl- 1 l.-deoxy-3-oxo- 1 5-methylei:ythromycin A 1 1 , 1 2-cyclic carbamate. 

Preparation KK: formula fP: X = F. R^ is -C%CH=CH>(5-nS[-(2-pvridvlV2- 
furamidvD 

This is prepared according to the method of Preparation K using 2'-0- 
20 benzoyl-6-O-allyl- 1 1 -amino-3-descladinosyl- 1 1 -deoxy-3-oxo-2-fluoro- 15- 

methylerythromycin A 1 l,127cyclic carbaniate in place of 2'-0-benzoyl-6-0-allyl-l 1- 
amino-3-descladinosyl-l l-deoxy-3-oxqj-45-meA^ 4 1 1,12-cyclic 

carbamate. 

Example 16 

Preparation of Compound of Formula (T\ : X = H, R.. is -Q-propargv l (Scheme 3^ 

Step 1:*A solution bf2\4"^bis-0-trime^^ 

30 isopropoxycyclohexyl)]oxime (100 mg) in 0.1 mL of tetrahydrofiirari, 0,1 mL of 
ether, and 0.1 mL of DMSO was cooled to 10 °C and treated with 0.028 mL of 3- 
■ br6mo*r-(tiitriLet^^^ A mixture of 

methylsuifoxide (0:19 niL) and LO^M /err-butoxide in tetrahydrofiiran 

(0.38 inL)'was addied at a rate of 2.0 niolar equivalents of base per hour. Additional 

35 equivalents (0.014 niL) of the TMS-propargyl bromide were added after 0.5 and 1 
hours. The reaction was monitored by thin-layer chromatography (silica gel, 10:1 
toluene/acetone), and was judged complete after addition of 2.3 molar equivalents of 
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5 base. The reaction was diluted with 100 mL of ethyl acetate amd 30 mL of saturated 
NaHCOj, and washed sequentially with saturated NaHCOj, water, and brine. The 
organic phase'was dried with MgS04, filtered, and evaporated. The crude product 
was chromatographed on silica gel (40:1 hexaEnes/acetone +1% EtjN) to yield 
partially purified 6-0-(3-trimerhylsilyl)prdpafgyl-2\4''-bis^ 
10 - methylerythroniycin A 9-[0-(l-isoprdf>oxycycl6hexyl)}6xim - - 

Step 2: A solution of tlie impure 6"0-(3-trimethylsilyI)pr6pargyl-2',4"-bis-0- 
trimethylsilyl-15-methylerythromycin A 9-[0-(l-isopropoxycyclohexyl)]oxime from 
above (0.88 g) in 4.4 mL of acetonitrile is treated with 2.2 mL of water and 2.5 mL of 

15 acetic acid, and stirred for 24 hours at 'ambient temperature. The mixture is 

concentrated after addition of 2-propanoi, therl repeatedly after addition of toluene. 
This material is stirred with potassium carbonate and methanol (6 mL)''f6r 2.5 hours. 
The mixture is diluted with ethyl acetate (200 mL), and^washed sequentially with 
saturated NaHCOj; water, and bririe: The organic phase is dried with MgSO;,' filtered, 

20 and evaporated to yield the product • ^ i - 

Step 3: A solution of the product fi-om (iii) and sodium hydrosulfite (0.59 g> in 7 mL 
of 1 : 1 ethanol/water is placed imd^t mert atmosphere. Formic apid (0.096 mL) is 
added dropwise, and the mixture is stirred at 80 °C for 5 hours. : After cooling to 

25 ambient temperature, the reaction is adjusted to pH 10 with 6 N NaOH and extracted 
three times with 150-mL portions of^ethyl acetate. . The 'orgame extracts are combined 
and washed sequentially with saturated NaHC03, water i» and bfine. The organic phase 
is dried with:MgS04i filteredi and evaporjatedj.to. yield. 6rO-propargyl-: 15- . 
methylerythromycin A suitable for fixrthericQnyersion^ Pure material can be prepared 

30 by chromatography on silicaigeL: , - . : . : . \ • ^ . . * o . ' 

Step 4: A mixture of 6-0-propargylrl5-methyleiythrpmyGin A (0.4Q g) and 6 mL of 
0.6 N.HCl is stirred at ambient temperature for. 17 hours. The pH is adjusted to 9 by 
addition of 6 N NaOH, and 150 mL of ethyl acetate is added. The organic extracts are 
35 washed sequentially with saturated NaHCOj, water, and brine, then dried over 
MgS04, filtered, and evaporated to provide fi^rther product,. The crude product is 
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5 : chromatographed on silica gel to.giye pure.'6-0-propargyl-3-descIadinosyl-l 5- 
methyierythromycin A. < > - . - 

Step 5: A solution of 6-0-propargyl-3--descladinosyl-15-methylerythromycin A (0.16 
g) and bjenzoic anhydride (0.12 g) in 1.3 mL of ethyl acetate is stirred for, 17 h, then 
10 washed sequentially ^yjth saturated NaHQOa, water, and brine. The solution is dried 
over MgS04, filtered, and evaporated. The crude product is chromatographed on 
silica gel to yield 2*-0-benzpyl-6rO-propargyl-3.-descladinosyl-l 5- . 
methylerythromycin A. rj . . . - 

15 Step 6:rN-Chlorosuccininiide (0.5 10: g,, 3, 82 mmol, 1 ;50 eq) is dissolved in 13 mL of 
- anhydrous CH^C^ and cooled to ^10. °C: under N2. Methyl sulfide.(0.328 mL, 4.46 
^-mmol, 1.75 eq) is added, and the reaction is stinred for 15 min. A solution of 2'-0-, 
■ : benzoylr6-0-propargyl-3-descladinosyl-l 5-methylerythromycin A (1 .87 g, 2.55 
mmql, 1 .00 eq) in 1 3 mL of anhydroiis CHjGU is added dropwise* . After 30 min, 
20 freshly distilled EtjN (0.355 mL, 2.55 mmoly LOO eq) is added, and the reaction is 
brought up to 0 ^'C over 30 min. The reaction mixture is diluted with 400 mL EtOAc 
and washed successively with 1 00 liiL each of saturated aqueous NaHCOj, water, and 
brine. The organic layer is dried over MgS04, filtered, concentiated; and purified by 
chromatography:: ^ . ^ 0 ^ v . ^ > :-: r.' 

. Step 7: 2'-0-Benzoyl-6-0-propargyl-3-descladinosyl-3-oxoVl5-methyl^ 

. ' A (904 nig) is dissolved in freshly distilled pyridine (4 mL) and cooled to 0 ®C. 

Methanesulfonyl chloride (0.478 mL, 6:17 mmol^ 5.00 eq) is added dropwise. The 
reaction is allowed to come to ambient temperatiire arid stirred overnight. The 
30 mixture is diluted with 350 mL of EtOAc and queriched with 100 mL of saturated 
aqueous NaHCOa- The layers are separated, and the organic phase is washed 
successively with 100 mL each of water and brine: The organic phase is dried over 
MgSO^, filtered, and concentrated. : Flash chromatography over silica gel yields the 
products 

Step 8: 2*-0-Benzoyl-6-0-propargyl-3-descladinosyl-3-oxo-l l-methanesulfonyM5- 
methyl-erythromycin A (705 mg) is dissolved in acetone (3 mL), and 1,8- 
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5 diazabicyclo[5.4.0]-undec-7-ehe (0.651"mL, 4.35 mmol, 5.00 eq) is added dropwise. 
The reaction is stirred at ambient temperature for 6 h and then concentrated. Flash 
chromatography over sihca gel yields thb product. - 

Step 9: 2'-O-Benzoyl-6-d-propargyl-10,l l-anhydro-3-descladinosyl-3-oxo-15- 
10 methylerythromycin A (227 mg) is dissolved in 1 .3 mL of freshly distilled THF and 
cooled to -15 °C under Nj. Sodium hydride (25 mg of a 60% dispersion in mineral 
oil, 0.634 mmol, 2.00 eq) is added, and the reaction was stirred for 15 min. A solution 
of l,l-carbonyldiimidaz61e (140 mg) in" 1.3 mli of freshly distilled THF is added 
dropwise. After stirring for 30 riiin, the reaction is allowed to 'warm to ambient 
15 temperature over 1.5 h. The mixture is diluted with 100 riiL of EtOAc and washed 
successively with 30 mL each of saturated aqueous NaHCOj, water, and brine. The 
organic phase is dried over MgS04, frUered, and concentrated, then the residue is 
dissolved in 2 mL of ACN and 0.2 mL of Saturated aqueous 

ammonium hydroxide (2 mL) is added. The reaction is sealisd arid stirred for 2 dayjs. 
20 Volatiles are removed under reduced pressure, and the residue is redissolved in 100 
mL of EtOAc. The solution is washed succfessively with' io nfi^ each of saturated 
aqueous NaHCOa, water, and brine.' The organic phase is dried over MgS04, filtered, 
and concentrated. Flash chroniatbgraphy yields the cyclic caroamate product.. 

25 Sxample 17 " .---v. . . 

Preparation of Compound of Formula VlV. X^H. = 0-3-fi^uinolin-3>vnprQD-2-vnvl 

(Scheme 3) 



30 Preparation A: formula (1): H. is ~CH.-CC-f3>Quin6iVlV 

Step 1 : 2'-0-Ben2oyl-6-b-propargyl-l l-amirio-3-descliadinosyl-l 1-de 
oxo-15-methylerythromycin A 1 1,12-cyclic carbamate (40 mg), 
tris(dibenzylideneacetone) 'dipalladiiim(0)-chloroforiTi addui^ (1 4 mg), tri-d- 
tolylphosphine (17 mg), copper iodide, and 3-bromoquinohrie (72 jil, 0.53 mmol, 10 

35 eq) are placed in a round-bottom flask wWch is flushed with 1^2- Degassed 

acetonitrile (1 mL) and freshly distilled EtjN (0.015 ml, 0.1 1 nunol, 2.0 eq) are added. 
The reaction is refluxed for 63 h. The mixture is returned t6 ambient temperature and 
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5 diluted with 40 mL of EtOAc. The solution is washed successively with 10 mL each 
of saturated aqueous NaHCOs, water, and brine. The organic phase is dried over 
MgS04, filtered, and concentrated. Flash chromatography yields the desired product. 

Step 2: The aboye product is dissolved in 1 mL of methanol, sealed, and 
10 refluxed at 80 °C for 16 h. Volatiles are removed iinder reduced pressure. Flash 
chromatography yields the . 

Preparation B: formula (D: X = H, IL, is -CH.-CC-p-fe-fluoroquinolvn 

This is prepared according to the method of Preparation A, using 3-bronio-6- 
15 fluoroquinoline in place of 3-bromoquinolm^^ 

Preparation C: formula (D: X = R R. is -CH^-CC-fS-fe-chloroquinolvn 

This 13 prepared according to the method of Preparation A, using 3-broTno-6-}> 
chloroquinoline in place of 3-jbroinpquinp^^^ 

20 . , 



Preparation D: formula fP: X = H. is -CH .-CC>f4-isoQuinolvn 

. This is prepared according to the method of Preparation A,, using 4- 
bromoisoquinqline in place of 3rbrom^^ 

25 Preparation E: formula fP: X R, is ■HCH.-CC-n-pvridvn 

This is prepared according to the method of Preparation A, using 3-pyridine in 
place of 3-bromoquinoline. 

Preparation F: formula fP: X = H. R. is -C%CC-(3-f6-methvlquinolvn 
30 This is prepared according to the method of Preparation A, using 3-bromor6- 

methylquinoliiie in place of 3-bromoquinpline, 

Preparation G: formula fP: X = H. R is -CHy rr-f:^>r6-aminQquinolvn 

This is prepared according to the method of Preparation A, using 3-bromo-6- 
35 aminpquinoline in place of 3-bromoquinoline. 

Preparation H: formula fP: X = H. R is -CH^-CC-(3-f5 MSOxa2ol-3-vnthienvn 
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5 This is prepared according to the method of Preparation A, using 5-(isoxazoI- 

3-yl)-2-bromothiophene in place of 3-bromoquinoline. 

Preparation 1: formula (D: X = H. R, is -CH.-CC-f6-quinolvn 

This is prepared according to the method of Preparation A, using 6-broihoquinoline in 
10 place of 3-bronioquinoHne. 

Preparation J: formula (D: X = H. K , is ~CH.-CC-(3-quinoxal-6-vn 

This is prepared according to the method of Preparation A using 6- 
bromoquinoxalineinplacedf3-bromoquin6line.' ' ' 

Preparation K: formula fP: X = H. R, is ^CH.-CCV5-fN>f2-pvridvlV2-furamidvn 
This is prepared according to the method of Preparation A, usiiig N-(2-pyridyl) 5- 
bromo-2-furamide in place of 3-bromoquinoline. 

20 Preparation AA: formula ffl: X = F. R. is -^Hi-CC-r j-duinblvn 

This was prepared according to the niethbd oif Preparation A usiiig 2 *-0- 
benzoyl-(5-0-allyl- 1 1 -amino-3-descladinosyl- 1 r-deoxy-3-6xo-2-fluoro- 1 5- 
methylerythromycin A 1 l,12i-cyclic cafbairiate in place of i2*-0-beiizoyl-6-0-allyl-l 1- 
amino-3-descladinosyl- 1 1 -deoxy-3-oxo- 1 5-methylerythromycin All, 1 2-cyclic 

25 carbamate: '' - . v . ' . s. 

Preparation fiB: formula riV: X = F. R. is ^H.-fcC>Pj-f6-fluoroQuinolvlY 

This is prepared* according to the method of Preparation B using 2'-0-ben2oyl- 
6-O-allyl- 1 1 -amino-3-descladinosyl- 1 1 -deoxy-3-oxd-2-fiu6ro-i 5-methylerythromycin 
30 A 11,12-cyclic carbamate in place of 2*-0-benzoyl-6-0-allyl-ll-ammo-3- ' 

descladinosyl- 11 -deoxy-3-oxo-l 5-methylerythromycin A 11,12-cyclic carbamate. 

Preparation CC: formula (D: X = F, R^ is -CH,-CC-f3-f6-chloroq^^ 

This is prepared according to the method of Preparation C usiiig 2 '-C)-benzoyl- 
35 6-O-allyl- 1 1 -iaLmino-3-descladiriosyl- 1 i -deoxy-3-oxo-2-fluorb- 1 5-methylerythromycin 
A 11,12-cyclic carbamate in place of 2^-0-benzoy^6-0-allyl-l l-amino-3- 
descladinosyl-ll-deoxy-3-oxo-15-methylerythromycin A 11,12-cycHc carbamate. 
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Preparation DP: formula (D: X = F, is -CH . -CC-(4-isoquinolvn 

This is prepared according to the method of Preparation D using 2'-0-. 
benzoyl-6-0-allyl7l l-arnino-3-descladinosyl-l l-deoxy-3-oxo-2-fluoro-l 5- 
methylerythromycin A 1 1,12-cyclic carbamate in place of 2'-0-benzoyl-6-0-allyl-l 1- 
1 0 amino-3-descIadinosyl- 1 1 -deoxy-3-oxo- 1 5-methylerythroniycin All,! 2-cyclic 
carbamate. 

Preparation EE: formula HV X = F. R, is --CH.-CC-f 3-pvridvn 

This is prepared according to the method of PrieparaU^ using 2>0-benzoyl- 
1 5 6-0-allyl- 1 1 -amino-3-descladinosyl- 1 1 -deoxy-3-oxo-2-fluoro- 1 5-methylerythromycin 
A 1 1,12-cyclic carbamate in place of 2'-0-ben2oyl-6-0-aJlyl-ll-aniino-3- 
descladinosyl-U-deoxy-SrOxo-lS-m^thyleTythrpmycin A 1 1,12-cyclic carbamate. 

Preparation FF: formula (D: X = F. R, is --C%CC-r3-r6-met hvlQuinolvn 
20 This is prepared according to the method of Preparation F using 2'-0-benzoyl- 

6-O-allyl-l 1 -aminQ-3-despladinp.syl- 1 l-deoxy-3-pxo-2-fluoro-l 5-methylerythromycin 
A 1142-cyclic carbamate in place pf2;-Q-ben;zoyl^^^ 

descladinpsyl- 1 l-deGxyrS-oxo- 1 5-methylerythromycin A 1 1 , 1 2-cyclic carbamate. 

25 Preparation GG: formula (IV X = F. is -C%CC-f 3-f6-am inoauinolvn 

This is prepared according to the method of Preparation G using 2'-0- 
ben2oyl»6-0-allyl- 1 1 -amiha-3-descladinQsyl- 1 1 -deoxyr3-oxo-2-fluoro- 1 5- 
methylerythromycin A 1 1,12-cyclic carbamatein place of 2/-0-benzoyl-6-6-allyM 1- 
aminor 3 -descladino§yl- 1 1 -deoxy-3-oxo- 1 5-methylerythromycin A 11 , 1 2-cyclic 

30 carbamate.. . , .. . . , ^_ . 

Preparation HH: formula (D: X = F. R^ is ^H.-CC-f3-f 5MSOxazol-3-vnthienvn 

. This is prepared according to the method of Preparation H using 2'-0- 
ben2oyl-6-0-allyM l-ammo-3-descladinosyl-l l-deoxy-3-oxo-2-fluoro-l 5- 
35 methylerythromycin A.l 1,12-cyclic carbamate in place of 2*-0-benzoyl-6-0-allyl-l 1- 
amino-3-descladinosyl-l l^deoxy-3-oxo-15-methylerythromycin A 1 1,12-cyclic 
carbamate. . 
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Preparation II: formula (lY X = F. R, is -i::H . -CC-f6-Quinolvn 

This is prepared according to the iriethdd of Preparation I using-2 ' -O-benzoyl- 
6-O-allyl-l l-amino-3-descladinosyl-i l-deoxy-3-oxo-2-fluoro-i 5-methylerythromycin 
A 1 1,12-cyclic carbamate in place of 2'-d-behzoyl-6-0-aIlyi-l l-amino-3- 
1 0 descladinosy 1- 1 1 -deoxy-3-oxo- 1 5-methylerythromycin A 11 , 1 2-cyclic carbamate. 

Preparation JJ: formula (D: X = F. is --CH . -CC-r3-Quinoxal>6>vl1 

This is prepai ed according to the method of Preparation J using 2 ' -O-benzoyl- 
6-O-allyl-l l-amino-3-descIadin6syl-l l-deoxy-3-oxo-2-'fluoro-i5-^ 
15 ' A 11,12-cyclic carbamate in place of i'-O-benzoyl-e-O-aUyl- 
descladinosyl-l l-deoxy-3-oxo-15^niethylerythrbmycin A 11,1 2-cyclic carbamate. 

Preparation KK: fonmulafP: X =^ F. %is^G%CC?-r5-flSf-f2-^^^ 

This is prepared according to the method of Preparation Knising 2'-0- 
20 benzoyl-6-O-allyl- 1 1 -anMno-3-de^cladinosyl- 11 -deoXy-3-oxo-2i-fluoro- 1 5- 

methylerytiuromyciri A 1 1,12-cyclib daibamiate in piiic df 2'-0-benzi)yl-6-0-allyl-l 1- 
amino-3-descladin6syl-l l-deoxy-3-oxd-15-:ttidtliy 1 1,1 2-cyclic 

carbiamate. ' - - - ^ 

25 ■■ r--..'^-^^' - ; ■ ^ Examp>lb48 /:^ :/ ^ 

Synthesis of 5-0>f2'-acetvldesosarniiiVlV^lO..l l-anh 

Preparation A: 5-O-desosaminvl-10.11-anhvdro-6-deoxv*14-norervthronolide A 
A mixture of 6-deoxy-14-ndrefythromycins A, B, C, and D derived from 

30 fermentation (0.5 g) is dissolveddn'ditehlorQniethaiie (6 mL)^and Itr^ted with 

chlorotrimethylsilane (0.144 nit) arid. 1-tri^niethylsilylimi (0.20 mL). After 10 
minutes, the reaction is treated with 1 N NaOH and is extracted three times with 
dichlorbmethane. The organic extracts are combined; washed with sat.=NaGl, dried 
over MgSO^, filtered, and evaporated to yield a foamy material. This material is 

35 dissolved in tetrahydrofiiran (5 mL) and treated with l',l *-^Garbonyldiimidazole (0.45 
g) and sodium hydride (50 mg of a 60% dispersion in oil, washed with hexanes). The 
mixture is heated at TO'^C for 1 hour, then cooled and treated with 1 N NaOH and 
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5 extracted three times with ethyl acetate. The organic extracts are combined, washed 
with sat. NaCl, dried over MgS04, filtered, and evaporated to dryness. The resulting 
product mixture is dissolved in ethanoL(0,5 mL) and treated with 2% HCl in water (1 
mL) to cleave the 3-O-glycosyl groups. The product is recovered by chromatography. 
Mass spectrometiy reveals [M+H]^ = 559. . 

10 , . ■ • - ' . • 

Preparation B: 5-O-f2''acetvldesosaminvlV10,l l>anhvdro-6-deoxv-14- 
norervthronolide A 

A solution of 5rO-desosaminyl- 1 0,1 1 -anhydro-6rdeoxy-14-;norerythronolide A 
(0.5 g) in acetone (10 mL) is treated with acetic anhydride (0.10 mL) and potassium 
1 5 carbonate (0. 1 5 g) at ambient temperature for 24 hours, filtered, and concentrated to 
dryness to yield the product,. Mas^ spectrometry reveals [M-^H]"" = 601 . 

Prepar ation C: 5-0-(2 '-acetvldesosaminvlV 1 0A\ -anhvdro-3 .6-dideoxv-3-oxo- 1 4-nor' " 
ervthronolide A - 

20 A solution of 5-Or(2'-acetyldeso$aminyl)-10,l l-anhydro-6-deoxy-14-^^ . 

erythrpnolide A (0.5 g) and l-(3-d]bmethylarninopropyl)-3-ethylcarbodiimide 
hydrochloride (1.0 g) in dichloroniethsqi^X lO.mL) i^ treated with methylsulfoxide (1.0 
mL) and cooled to 5 A solution of pyridinium trifluoroacetate (1.0 g) in 
dichloromethane (10 mL) is added dropwise, and the mixture is stirred at 5 **C for 2 

25 hours. The mixture is diluted:with ethyl acetate, virashed with water and saturated 
. NaCl then dried over MgSP4, filtered, and evaporated to dryness. The product is 
purified by chromatography. Mass spectrometry reveals [M+H]"*^ == 599. 

: i . : ■ V, ; Example 19 . 

30 SvTithesis of 5-0-(2 '-acetvldesosaminvl)- 1 0,11 -anhvdro-3 .6-dideoxv'3-oxo- 1 4. 1 5- 
' . : I ' - : . . dehvdrorerv^hronolide A 

Preparation A: 5'O-desosaminvklO, 11 -anhvdro-6-deoxv-l 4. 1 5-dehvdroervthr onolide 
A- , • • . .-- ir : ^- : . . . 

35 A mixture of 6-de,oxy-14, 1 Srdehydroerythromycins A, B, C, and D derived 

fi-om fermentation (0.5 g) is dissolved in dichloromethane (6 mL) and treated with 
. chlorotrimethylsilane (0.144 mL) and 1-trimethylsilylimidazole (0.20 mL). After 10 
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5 minutes, the reaction is treated with 1 N NaOH and is extracted three times with 
dichloromethane. The organic extraicts are combined, washed with sat. NaCl, dried 
over MgS04, filtered, and evaporated \6 yield a foamy material. This material is 
dissolved in tetrahydrofuran (5 mL) and treated with 1,1 '-carbonyldiimidazole (0.45 
g) and sodium hydride (50 mg of a 60% dispersion in oil, washed with hexanes). The 
10 mixture is heated at 70°C for 1 hour, then cooled and treated with 1 N NaOH and 
extracted three times with ethyl acetate. The organic extracts are combined, washed 
with sat. NaCl, dried over MgS04, filtered, and evaporated to dryness. The resulting 
product mixture is dissolved in ethanol (0.5 mL) and treated with 2% HCl in water (1 
mL) to cleave the 3-O-glycosyl groups. The product is recovered by chromatography. 

15 

Preparation B: 5-O-f2'-acetvldesosaminvlV10.1 l-anhvdro-6-deoxv-14.15- 
dehvdroervthronolide A 

A solution of 5-O-desosaminyl-10,ll-anhydro-6-deoxy-14,15- 
dehydroerythronolide A (0.5 g) in acetone (10 mL) is treated with acetic anhydride 
20 (0.10 mL) and potassium carbonate (0.15 g) at ambient temperature for 24 hours, 
filtered, and concentrated to dryness to yield the product. 

Preparation C: 5-O-(2'-acetvldesosaminvn-10.1 l'anhvdro-3.6-dideoxv-3-oxo-14,15- 
dehvdroervthronolide A 

25 A solution of 5-O-(2'-acetyldesosaminyl)-10,l l-anhydro-6-deoxy-14,15- 

dehydroerythronolide A (0,5 g) and l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (1 .0 g) in dichloromethane (10 mL) is treated with methylsulfoxide (1 .0 
mL) and cooled to 5 ^C. A solution of pyridinium trifluoroacetate (1 .0 g) in 
dichloromethane (10 mL) is added dropwise, and the mixture is stirred at 5 for 2 

30 hours. The mixture is diluted with ethyl acetate, washed with water and saturated 
NaCl then dried over MgS04, filtered, and evaporated to dryness. The product is 
purified by chromatography. 
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5 Example 20 

Synthesis of 5-O-f2'-acetvldesosaminvlV10>l l-anhvdro-3,6-dideoxv-3-oxo-15- 

methvlervthronolide A 
The title compound was prepared in accordance with the following scheme: 
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Reaction 1 

To a solution of compound 1 (220mg, 0.307mmol) in dichloromethane (5mL) were 
10 added potassium carbonate (50mg) and acetic anhydride (100_L, 0.9nimol), and the 
reaction was stirred at room temperature for 16 hours. The solution was filtered, 
sodium hydroxide (IN, 25mL) and brine (25mL) added and the aqueous layer was 
extracted with ethyl acetate 6 times. The combined organic layers were dried with 
sodium sulfate, filtered, and the solvent removed in vacuo. The crude product 2 was 
15 carried on to the next step. . 

Reaction 2: ' 

20 Compound 2 (crude product firom reaction 1) was dissolved in pyridine (5mL) and 
mesyl chloride (70_L, 0.9mmol) was added. The reaction was stirred at -20°C for 2 
days, poured on sodium hydroxide (IN, 25mL) and brine (25mL) and the aqueous 
layer was extracted with ethyl acetate 6 times. The combined organic layers were 
dried with sodium sulfate,' filtered, and the solvent removed in vacuo. The residue 

25 was purified by chromatography on silica gel (toluene/acetone = 3:1,1% ammonixmi 
hydroxide) to yield comppund 3 (190 mg, 68% over two steps). 

Reaction 3: 

30 

* Compound 3 (190 mg, 0.21 mmol) was dissolved in acetone (7mL) and DBU (63_L, 
..Q.42 mmol) was added, and the reaction was stirred at: room temperature over night. 
The mixture was poured on sodium hydroxide (IN, 25mL) and brine (25mL) and the 
aqueous layer was extracted with ethyl acetate 6 times. The combined organic layers 
35 were dried with sodium sulfate, filtered, and the solvent removed in vacuo. The crude 
product 4 was carried on to the next step. 
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5 Reaction 4: 

To Compound 4 (crude product from step before) was added hydrochloric acid (30 
mL, 3N) and ethanol (2mL) and the mixture was stirred vigorously for 6 hours. 
Sodium hydroxide (5mL, ION) was added arid the aqueous layer was extracted with 
10 ethyl acetate 6 times. The combined organic layers were dried with sodium sulfate, 
filtered, arid the solvent removed in vacuo. Tlie cmde product 5 was carried on to the 
next step. ' 

15 Reaction 5: ■ ' - . ' • - : ^ 

To Compound 5 (crude product from step before) in dichlorometharie (5mL) was 
added acetic anhydride (50_L, 0.45nunol) and potassium carbonate (lOOmg) and the 
mixture was stirred vigorously fdr 9 hours:^ THe reaction w£^ filteredi sodium . 
20 hydroxide (20mL, IN) and brine (25mLy were added layer was 

extracted with ethyl acetate 6 times. The cdmbiiifed orgarnb layers were dried with 
sodium sulfate, filtered, arid the solvent removed -rn Vflci^^ The residue was purified 
by chromato^aphy on silica gel (tdluerieVacdtorie - 3:1, 1% airiiriioriiiirii hydroxide) to 
yield cOriri|jl6urid 6 (110 riig, 89%'bver%ree^s ^ ^ 

Reaction 6: - - - . . . i : t 

Coriipound 6(1 lOmg, 0.i84 rnm6iy was dissolved in dithlororiiethane (lOmL) 
30 and Dess-Martiri reagent (220 mg, 0:53 mmol) w^ added. The reaction was stirred at 
room temperature for 45 niih. The reaction was quenched with Sodium hydroxide 
(20mL, IN) and brine (25mL) and the aqXieous layer was extracted with ethyl acetate 
6 times. The combined organic layers were dried with sodium sulfate, filtered, and the 
solvent removed in vacuo. The residue was purified by chroniafbgraphy on silica gel 
35 (toluene/acetone, gradient = 6:1 - 3:1, 1% anunonium hydroxide) to yield compound 7 
(94mg, 86%) ' - 
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Exainple21 

Synthesis of l-r4-amino*2'butenvlVlH-imidazo|'4.5-b1pvridine 
Pr eparation A: rEY-N-f4-bromo-2-butenvl'>phthalimide 
10 A solution of l,4-dibromo-2-butene (23g, 107,9 mmol) and potassium 

carbonate (16.39 g, 118 7 mmol) in DMF (50 mL).at room temperature was. treated 
with potassium phthalimide (lOg, 53.9 mmol). After 10 min., the reaction mixture 
was allowed to stir for 24h, filtered, and concentrated in vacuo. The resulting oil was 
diluted with ethyl acetate (200 mL), washed with saturated aqueous sodium 
15 monobasic phosphate (2 x 100 mL), dried (MgSOJ, and concentrated in vacuo to 
afford a reddish oil. Purification by flash chromatography (0-20% ethyl 
, acetate/hexanes) afforded 5.73g of thp title. compound; mass (CI) m/z = 303 (M+H). 

Preparation B: l-f(EM-phthalimido-2-butenvl]-lH-imidazor4,5-b1p vridine and 3- 
20 [fE>-4-phthaUmido-2-butenvll-3H-imidazor4.S-blpvridine 

A slurry of NaH (1 .02g, 25.4 mmol) in.DMF (50 mL) at room temperature 
,was treated with 4-azabenzimida:^oJe (2,5^^^ nunol).. After 10 min., the reaction 
mixture was treated with a solution of (E)-^JK4-bromo.-2-butenyl)phthaUmide (5 .7g, 
20.3 mmol) in DMF (5 mL) oyer 30 niin, The reaction niixture.>yas.aUowedto .st^^ for 
25 Ih, then quenched by carefiil addition of water (5 mL) and the reaction mixture was 
concentrated in yacuo. The resulting residue was diluted with CH2CI2 (50 mL), 
washed with brine (2 x 25 mL), dried (MgS04), and concentrated in vacuo to afford 
an off-white solid. Purification by flash chromatography (ethyl acetate containing 3% 
. NH4OH) afforded 2.08g of 3-[(E)-4-phthalimido-2-butenyl]-3H-im^ 
30 J - bjpyridine, Changing the chromatography solvent to 5% niethanol/ethyl acetate 
containing 5% NH4OH afforded L66g of l-[(E)-4rphth^limido-2-^^^ 
.irnidazo[4,5-tb]pyridin(e; m^s (C^^^ 



Pre paration C: l.(4-amino-2-butepylVlH-im idazor4.5-b1pvridine 
35 A solution of lr[(E)-4-phthaIinudo-2-butenyl]-lH-inudazo[4,5-b]pyri 

(2. 19g, 6.87 mmol) in ethanol (100 mL) at room temperature was treated with 
hydrazine monohydrate (3.33 mL, 68.7 mmol). After 10 min., the reaction mixture 
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5 was warmed to 60*='C for 2h, allowed to cool to ZS^'C, and recooled to O^^C in an ice 
bath. The resulting slurry was filtered, and the filtrate was concentrated in vacuo. 
Purification by flash chromatography (6% NH40H/ethanLol) afforded 0.92g of the title 
compound; mass (CI) m/z = 211 (M+H). - ' 

Scheme? 

10 . - , . 




30 

Example 22 

Compound I where = OCH3, Rp = n-propvL X = H. R = l//-imidazo['4,5- 
b lpvridin-l-vlbutvl TCompound K in Table H 

35 ~ 

Step 1 : Compound 19 (Scheme 2"^ where R^ = CH3. R^ = n-propvh X = H. R^ = acetyl 

A solution of compound of fomiula 18 (Scheme 2) where R^ = CH3, R,3 = n-propyl, X 
= H, R2 = acetyl (625 mg, 1.00 mmol) in M^-dimethylformamide (8 mL) at -10 ""C 
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5 under nitrogen is treated with sodium hydride (60 wt % in mineral oil, 80 mg, 2.00 
mmol). After 30 minutes, the resulting reaction mixture is treated with 1,1'- 
carbonyldiimidazole (490 mg, 3.02 mmol) and the reaction mixture is allowed to stir 
for 2 hours at -10 The reaction mixture is quenched with water (30 mL) and 
extracted with ether (3 x 30 mL). The combined organic layers are washed with water 

10 (30 mL) and brine (30 mL), dried with magnesium sulfate, and concentrated in vacuo 
to afford 3 as an off-white foam. 

Step 2: Compound I where = OCH,, = n-propvK X = H, R = l//-imidazor4,5- 
b]pvridin-l-vlbutvl 

15 

A solution of compound of formula 19 where R, = CH3, Rjj = n-propyl, X = H, Rj = 
acetyl (1.00 mmol) and l//-imidazo[4,5-b]pyridin-l-ylbutylamine (570 mg, 3.00 
mmol) in A^,//-dimethyIformamide (4 mL) is heated to 60 ""C for 24 hours. The 
reaction mixture is allowed to cool to room temperature, diluted with water (30 mL), 

20 and extracted with ethyl acetate (3 x 30 mL). The combined organic layers are 
washed with water (2 x 30 mL) and brine (30 mL), dried with magnesium sulfate, 
filtered, and concentrated in vacuo to afford an oily residue. (Purification of 2'-acetyl 
I can be achieved by flash chroniatography (0-5% methanol in dichloromethane 
containing 1-2% concentrated ammonium hydroxide) on a silica gel column.) The 

25 residue is dissolved in methanol (20 mL) and the resulting mixture is allowed to stir 
for 1 8 hours at room temperature. The reaction mixture is concentrated in vacuo and 
purification of I is achieved by flash chromatography on silica gel (95:5:0:5 
dichloromethane/methanol/concentrated ammonium hydroxide) to provide the title 
compound (487 mg, 61%). 

30 

Example 23 

Compound 1 where R. = QCH,. R^ = n-propvl: >C = F. R = l//- imida2or4,S- 
b ]pvridin-l-vlbutvl (Compound O in Table 1) 

35 The title compound was prepared as described in Example 2 1 except that the 

compound of formula 18 (Scheme 2) where R, = CH3, R13 = n-prppyl, X = F, R2 = 
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5 acetyl was substituted for the compound df formula 18 (Scheme 2) where = CH^, 
R,3 = n-propyl, X = H, R, = acetyl. Yield = 25%. 

The following compounds can also be prepared by analogous procedures and methods 
as described in Example22. 

10 . ; . ■ 

Compound of formula I where X = H, R^ = H, R,3 = methyl, R = quinolin-4--ylbutyl 
Compound of formula I where X = F, R^ = H, Rj3 = methyl, R = quinolin-4-ylbutyl 
Compound of formuila I where X = H, R^ = OCH3, R13 =^methyi, R - quinolin-4- 
ylbutyl (A) . = 

15 Compound of formula I where X =?= F, R^ = OCH3i R13 = miethyl, R = quinolin-4- 
ylbutyl 

Compound of formula I where X - H, R^ = H, R^3 == methyl, R = 4-phehyliniidazol-l - 
ylbutyl ^ ^ 

Compound of formula I where X = F, R^ == H, Ri3'= methyU R =4-phiBnylimidazol-l- 
20 ylbutyl 

Compound of formula I where X = H, R^ = OCH3, R13 = methyl, R = 4- 
phenylimidazol-1 -ylbutyl : . - ; > . 

Compound of formula I where X = F, R^ OCH3, = metiiiyi, R = 4- 
phenyliinidazol-l -ylbutyl ' — • - . • : • 

25 Compound of formula I where X = H, R^ = H, R13 = methyl, = 4-(pyridin-3- 
yl)ifnidazol-l-ylbutyl » J' . ; . . ?.V0 : A. . r • 
Compound of formula I where X = F, R^ = H, R,3 =^^methyU R = 4-(pyridin-3- 
yl)imidazoi-l -ylbutyl ^ 
Compoimd of formula I where X = H, R^ = OCH3, R,3 = methyl, R:^4-(pyridin-3- 

30 yl)imidazol-l-ylbutyr(B) - - . ^. s 

Compound of formula I where X = F, R^ = OCH3, ^,3'= inethyj, R ='4-(pyridin-3- 
yl)imidazol-l -ylbutyl ... ^ . 

Compound of formula I where X = H, R^ = H, Ri^i = niethylj R = pyridin-4-ylbutyl 
Compound of formula I where X = F, R^ = H, R,3 =mfethyU R = pyridih-4-ylbutyl 

35 Compound of formula I where X = H, R^ = OCH3,' R\y = methyl, R = pyridin-4-ylbutyl 
Compound of formula I where X = F, R^ = OCH3, R,3 = methyl, R pyridin-4-ylbutyl 
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5 Compound of formula I where X = H, Re = H. R13 = methyl, R = 3//-imidazo[4,5- 
b]pyridin-3-ylbutyl 

Compound of formula I where X = F, R^ = H, R,3 = methyl, R = 3//-imidazo[4,5- 
b]pyridin-3-ylbutyl ; . . ; . 

Compoimd of fomiula I where X = H, R^ = OCH3, R13 = methyl, R = 3//-imidazo[4,5- 
10 b]pyridin-3-ylbutyl (C) 

Compound of formula I .where X = F, R^ = OCH3, R,3 = methyl, R = 3//-imidazo[4,5- 
, b]pyridin-3rylbutyl . : ; 

Compound of formula I where X = H, R^ = H, R,3 = methyl, R .= li/-ijnidazo[4,5- 
b]pyridin- 1 -ylbutyl 

15 Compound of formula I where X:= F, R^ =^ H, Rjj = methyl, R = l//-iini4azo[4,5- 
b]pyridin- 1 -y Ibutyl 

Compound of formula L where X = H, R^-OCHi^ R,3 = methyl, R = l//-imidazo[4,5- 
b]pyridin-l-y Ibutyl (D) 
; . Compound of formula ,! where X = F, R^ - OCH3, R13 =.methyl, R = l//-imidazo[4,5- 
20 b]pyridin-l-ylbutyl 

Compound of formula I where X = H, Rg = H, R,3 = w-propyl, R = 4-(pyridin-3- 
yl)imidazol-l-ylbutyl (P>^ 

Compound of formula I where X = F, R^ = H, R,3 = Jtz-propyl, R = 4-(pyridin-3- 
25 yOimidazolTl-ylbutyl;. v < 

Compound of formula I where X = H, R^ = OCH3, R,3 =7t-propyl, R ^ 4-(pyridin-3- 
yl)imidazol-l-ylbutyl; (H) 

Compound of formula I where X = F, R^ = OCH3, R,3 = n-propyl, R = 4-(pyridin-3- 
yl)imidazol- 1 -ylbutyl . , 

30 Compound of formula I where X = H, R^ = OCH3, = /i-propyl, R = IH- 
imidazo:[4,5-c]pyridin?»l-ylbutyl (M) , - . 

Compound of formula I where X = F, R^ = OCH3, R,3 = /i-propyl, R = IH- 
imid^o[4,5rc]pyridiri-l-ylbutyl . : 

Compound of fomiula I where X = H,;R6 = OCH3, R^ = «-propyl, R == 3//- 
35 imidazo[4,5>c]pyTidin-3-ylbutyl 

Compound .of formula I where X = F, R^j = OCH3, R,3 = w-propyl, R = 3//- 
imida2o[4,5-c]pyridin-3-ylbutyl 
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5 Compound of formula I where X = H, = OCH3, R,3 = «-propyl, R = purin-7-ylbutyl 
Compound of formula I where X = F, R^ = OCH3, R,3 = w-propyl, R = purin-7-ylbutyl 
Compound of formula I where X - H, R5 = OCH3, R,3 = n-propyl, R = purin-9-ylbutyl 
(N) 

Compound of fomiula I where X = F, R^ = OCHj, R,3 = w-propyl, R = purin-9-ylbutyl 
10 Compound of formula I where X = H, R^ = OCH3, R,3 = w-prbpyl, R = 1//- 
iTriidazo[4,5-b]pyridin-l-yl6ut-2-enyl (L) 

Compound of formula I where X = F, R^ = OCH3, R13 = n-propyl, R = IH- 
imidazo[4,5-b]pyridin-l-ylbut-2-enyl 

Compound of formula I where X = H, R^ = H, R,3 = /i-propyl, R = 4-(pyrimidin-5- 
15 yl)imidazol-l-ylbutyl 

Compound of formula I where X = F, R<j = OCH3, R,3 = n-propyl, R === 4-(pyrimidin-5- 
yl)imidazol- 1 -ylbuty 1 

Compound of formula I where X = H, R^ = H, Rj3 = n-prdpyl, R = li/-imidazo[4,5- 
b]pyridin-l-ylbutyl (Q) ' 
20 Compound of formula I where X = F, R^ = H, R,3 = n-propyl, R li/-imidazo[4,5- 
b]pyridin- 1 -ylbutyl 

Compound of formula I where X = H, R^ = H, Rj3 = n-propyl, R = 3//-iniidazo[4,5- 
b]pyridin-3-ylbutyl . v —r- 

Compound of formula I where X = F, R^ = H, R,3 ~ n-propyl, R = 3//-^imidazo[4,5- 
25 b]pyridiri-3-ylbutyr ' ' ■ • * ' r.- 

Compound of formula I where X = H, R^ = OCH3, R,3 = n-propyl, R = 3//- 
iniidazo[4,5-b]pyridin-3-ylbutyi (J) 

Compound of formula I where X = F, R^ = OCH3, R,3 = n-pfopyl, R = 3H- 
imidazo[4,5-b]pyridin-3-ylbutyr ' 
30 Compound of formula I where X = H, R^ = H, R,3 = vinyl, R = 4-phenyUinidazol-l- 
ylbutyl 

Compound of formula I where X = F, R^ = H, R,3 = vinyl, R = 4-phefiylimidazol-l- 
yibutyl : . . 

Compound of formula I where X = H, R^ = OCH3, R,3 =^ vinyl, R = 4-phenylimida2ol- 
35 1-ylbutyl : . • 

Compound of formula I where X = F, R^ = OCH3, R,3 = vinyl, R = 4-phenylimidazol- 
1 -ylbutyl 
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5 Compound of formula I where X =.H, = H, R13 = vinyl, R = 4-(pyridin-3- 
y l)imidazol- 1 -y Ibutyl 

Compound of formula I where X =f F, R^ =„H, R^^ = vinyl, R =,4-(pyridin-3- 
yl)imidazol- 1 -ylbutyl 

Compound of fomiula I where X = H, R^ =r OCH3, R13 = vinyl, R = 4-(pyridin-3- 
10 yl)imidazpl-l -ylbutyl (E) , , 

Compound of formula I where X = F, R^ = OCH3, Rp = vinyl, R = 4-(pyridin-3- 
yl)imidazoKl -ylbutyl , . . 

Compound of formula I where X = H, R^ = H, R,3 =7 vinyl, R = 4-(pyrimidin-5- 
yl)imidazol-l -ylbutyl „ 
15 Compound of formula I where X = F, R^ = H, R,3 = vinyU R = 4-(pyrimidin-5- 
. yl)imidazoM -ylbutyl 

Compound of formula I where X = H, R^ = OCH3, R,3 = vinyl, R = 4-(pyrimidin-5- 
yl)imidazpl-l -ylbutyl 1 

Compound of formula I where X = F, R^ = OCH3, R,3 = vinyl, R = 4-(pyrimidin-5- 
20 yOimidazpl-lrylbutyJ 

Compound of formula I where X = H, R^ = H, R,3 = vinyl, R = 3//-imidazo[4,5- 
b]pyridin-3-ylbutyl . , . ^ 

Compoimd of formula I where X = F, R^ = H, R,3 = vinyl, R = 3/f-imidazo[4,5- 

b]pyridin-3-ylbutyl . r. - '-'^ 

25 Compound of formula I where X = H, R^ = OCH3, R,3 = vinyl, R = 3^-unidazo[4,5- 
b]pyridin-3-ylbutyl (E) , . ^ 

Compound of formula I where X = F, R^ =/PCH3,,Il,3 - vinyl, R = :3i/Ti.midazo[4,5- 
b]pyiidin-2-y Ibutyl . : . , ; ; . 

Compound of formula I where X = H, R^ = H, R^ = methyl, R = l//-imidazo[4,5- 
30 . b]pyridin-l -ylbutyl 

Compound of formula I where X = F, R^ = H, R,3 = methyl, R = li/-imidazo[4,5- 
b]pyridin-l -ylbutyl . .. 

Compound of formula I where X = H, R^ = OCH3, R,3 = methyl, R = l//-imidazo[4,5- 
b]pyridin-l -ylbutyl (G) . 
35 Compound of formula I where X = F, R^ = OCH3, R,3 = methyl, R = li/-imidazo[4,5- 
b]pyridin- 1 -ylbutyl. 
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5 ^ Example 24 

. Synthesis oF2'>0-benzovU6-0-allvlr3-descladinosvl-3-oxo~l l-deoxv-l l-amino-2- 
fluoro-15-methvlervthromvcin A T hl2-cvclic carbamate 

10 To a THF solution (0.5 ml) of 2'-0-benzoyl-6-0-allyl-3-descladinosyl-3-oxo- 

1 1-deoxy-l l-aniino^l5-methylerythromycin A 1 1,12-Gyclic carbamate (100 mg, 
0.132 mmol, 1 .0 eq) was added a THF solution ofpotassium fer/-butoxide (0.3 ml, 
IM, 2.3 eq.) at -TS^'C. The reaction mixture was then kept at ^O'^C to -AO^'C for 20 
min., followed by introduction of NTFluorob.eitzenesulfoniniide (46 mg, 0.146 mmol, 

15 1.1 eq.) in THF (0.2 ml) at -78°C. The reaction mixture was kept at -70^C to -40°C 
for 1 h before it was allowed to warm'to O^C from -70*=*C in 1.5 h. It,was then diluted 
with EtOAc, washed with saturated aiqueoUs-NaHCOj, water, and brine. The organic 
phase was dried over MgS04, filtered, md concentrated. Flash chromatography of the. 
crude product (4:1 hexanes:acetone lyoEtjN) yielded 76 mg (74%) of the desired 

20 product.*'C- NMR (100.6 MHz, CDGli) 5 217.5, 203 (d, 7= 27.6 Hz). 165.5 (d, 7= . 
- 23.8 Hz), 165.2, 157.5, 135.4, 132.9, 130.4, 129.8, 12S.3, 118.0, 101.7, 98 (d,y=207 
Hz), 83.5, 79.1, 78.6, 72.1, 69.4, 64:6, 63.5^ 57.5, 44.2, 40.7, 40.4,38.5, 37.3, 31.4, 
31.3, 24.9 (d, 7= 24.3 Hz), 21.0^ 20.7;- 19.4; 17.7,: ISiO, 13;9va 3.7^-13.3. : 

25 J . ; • " Example 25- 

Synthesis of 2^-0-ben20Vl-6-0->propargvl>3^des cladinasvl-3-^ 
! : . : . : / . ; V . /fluoro-l-S-methvlervthr omvcin A 

A solution of 2;-Q-benzQYl -6-Qrpropargylr3-desclacUnosyl-3-oxo- 10,11- 
30 anhydro- 1 5-methyl-erythromycin A tetrahydjrofuran under inert atmosphere is cooled 
to -78 and treated with 1 .p. M potassium teirf r^ntoxidp in tetrahydrpfuran. , The 
mixture is stirred for 5 minutes^ and a solution of IsT-fluorobenzen^ in 
tetrahydrofuran is added in three portions oyer 2 hours. .After addition, the reaction is 
allowed to warm to ambient temperature and kept for an additional 5 hoiirs. Aqueous 
35 K2CO3 is added, and the mixture is extracted with CHjClj. The organic extracts are 
combined, dried over MgSO^, filtered, and evaporated. Chromatography on silica gel 
gives the product. 
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Example 26 

15-(2'G-quinolvnethvlV3-descladinosvl-3'OXo-6-0-methvlervthromvcin A 

1 LI 2-€vclic carbamate 
O 



Me 




"ho 



(A) 1 5-f2r(3>quiholvnethvnervthromyGin A'9-oxime 



15-(2-{3-quinolyl)ethyl)erythromycin A:(2S..-7. g, 28:9 mmol,:l:00 eq) is suspended in 
42 mL of 2-propanol. Hydroxylamine (50 wt% in HjO, 22.2 mL, 375 mmol, 13.0 eq) 
is added. The mixture is stinted ujitil honiogeneQus. Clacial UQAc is added. The: 
solution is stirred at 50 for 1 1 >h. Saturated NaHCOj is added. The mixture is 
15 concentrated and extracted with CHCI3 {4x400 mL); washed with NaHCOs and water. 
The combined aqueous layers.are back-extracted with 400 mL CHCI3. The combined 
organic phases are washed with brine, dried over Na2S04, filtered, and concentrated to 
yield the crude material. This, is cianied on v/ithout further purification. 

20 f 1 5-(2-f 3-quinol vnethvDervthi-omvcin A'9>(isopropoxvcvclohexvDoxime 
The crude 1 5-(2-(3^quin6iya)elhyl)er^ A^:9-oxirae^.irom{abc^e i 

in 72 mL of anhydrous CHjClzt aridul ;1 -diisopf bpbxycyclohexane (29.2 mL, 1 40 
mmol, 4.86 eq) is added dropwise. A solution of pyridinium p-toluenesulfonate (10.5 
g, 41.9 mmoi; 1.45 eq) in CH2CI2 (36 mL) is added dropwise. Dichloromethane (200 
mL) is acid^d after 15 h. The solution is washed with NaHCOj (2x100 mL) and water 
( 1 00 mL). The cbihbined aqueous phases are back-extracted with 1 00 mL CHjCU. 
The combined organic layers are walshed with brine,' dried bverMgS04, filtered, and 
concentrated. The materia:! is chrofnatographed over siliba gel to give the desired 
product. 



(C\ 2\4^^-Bis(0-trimethvlsilvlV 1 5-f2-f 3-quinolvnethvnerv th^^ A-9- 
(isopropoxvcvclohexvnoxime. 



BNSDOCID: <WO 00627B3A2_I , > 



wo 00/62783 PCT/USOO/ 10276 

-92- 



5 The 15-(2-(3-quinolyl)ethyl)erythromycin A-9-(isopropoxycyclohexyl)oxime (22.2 g, 
21.3 mmol, 1.0 eq) is dissolved in 54 mL anhydrous CH2CI2 and cooled in an 
ice/water bath. A mixture of chlorbtriihethylsilane (4.05 mL, 3 1 .9 mmol, 1 .5 eq), N- 
(trimethylsilyl)-imidazole (7.81 niLr53.2 mmol, 2.5 eq), and CH2CI2 (18 mL) is added 
dropwise. The reaction is stirred for 15 mihutes after complete addition and quenched 
10 with 600 mL EtOAc. The mixture is washed with sat. NaHCOj (2x200 mL), water 
(200 mL), and brine (200 mL). The organic layer is dried oVer MgS04, filtered, and 
concentrated to yield the crude product which was carried on without further 
purification. - . 

15 (D) 2'.4">BisrQ>trirriethvlsiIvlV6-Q-methvl>1542-f3-^^ A- 
9-(isopropoxvcvclohexvl)oxime ' ' , i - , 

Crude 2%4"-bis(0-triniethylsilyl)- 1 5-(2-(3-quinolyl)ethyl)erythromycin A-9- 
(isopropoxycyclohexyl)oxime is dissolved in Anhydrous tetrahydrofiiran (41 mL) and 
cooled to 10 ^^C. Anhydrous methylsulfoxide (41.4 mL) and methyl bromide (2.0 M 

20 in ether, 20.7 mL, 41.4 mmol, 2:0 eq) are addedi *A l.O M solution of potassium t- 
butoxide in THF (41 .4 mL, 41 .4 mmbl, 2.0 eq) is diluted wtih anhydrous 
methylsulfoxide (41 A mL). This is addecl to tiie reaction mixtiire at a rate of 0.5 
eq/hr. The reaction is monitored by TLC (5 : 1 toluenetacetone). The reaction is 
quenched by the addition of ethyl acetat^ (200 mL) and sat. N£ilC03 (70 mL). The 

25 mixture is transferred to a separatory funnel and diluted with 850 mL of ethyl acetate. 
The organic phase is washed with sat. 'NaHCOV; water, arid brine (306itiL each). The 
resulting emulsion is filtered through Cetite. The separated organic phase is then 
dried over MgS04, filtered, and concentrated to give the cmde product which is 
carried on without further purification. 

fE) 6-O-Methvl-l 5-f2-f 3-quin61vnethvnervthromvcin^ A " " 

The cnide2\4''-bis(trimethylsilylj-6-0-m^^ 

A-9-(isopropoxycyclohexyl)oxime fi-om above is dissolved in acetohitrile (1 10 mL). 
Glacial acetic acid (67 mL) diluted with water (55 mL) is added slowly. The solution 
35 is stirred 8 h. Toluene and 2-propanol are added, and the solutidn is concentrated. 
The product is then dissolved in toluene and concentrated twice to give the crude 
product which was carried on without fiirther purification. 
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5 . ^ ... ... 

(F) e^O-methvl- 1 5-(2-(3--quinol vnethvnervthrom vein A 

The crude 6-0-methyl-15-(2-(3rqujnQlyl)ethyl)erythromycin A-9-oxime from above 
and sodium hydrosulfite (23.1 g,.l 13 mmol, 5.63 eq) are placed in a round-bottom 
flask equipped with a condenser and flushed with Nj. Ethanol (140 mL) and water 

10 (140 mL) are ,added. Formic acid (3.75 mL, 95.4 mrnol, 4.77. eq) is added dropwise. 
The mixture is stirred at 80 C for 4.5 h. After the solution returned to room 
temperature, sat, NaHCOj y/as added. The pH is adjiisted to 9-10 .with 6 N NaOH . 
The mixture is then extracted with 3x400 mL of ethyl acetate. The combined organic 
phases are washed with sat. NaHCOj then water (250 mL each). The combined 

15 aqueous phases are back-extracted with, ethyl ^cetate (400 mL). The combined 

organic phases are washed with brine, dried oyer MgS04, filtered, and concentrated to 
give the crude product which was c^ed on without further purification. Pure 
, . product can be obtained by clu'omatography on sihca . * 

2,0. (G^ 6-O-Methvl- 1 5>(2-(3-quinolvDethvlV3-descladinosvlervthromvcin A 

The.crude 6-0-methyl-15-(2-(3-quinolyl)ethyl)eryt^ stirred in 280 mL of 

0.5 M HCl for 3 h. The pH is adjusted to 9r 10 with 6 N^NaOH. The precipitate is 
collected by vacuum filtratiop and washed witii water. The mother Ijiquor is extracted 
with 3x400 ,mL ethyl acet^e. The combined organic phases are washed with sat. :\ 

25 NaHCOj and waiter. The combined aqueous phases are back-extracted with ethyl 
acetate. The conibined organic, phases are washed with brine, dried oyer MgS04, 
filtered, and concentrated. The combined product is chromatographed over silica gel 
the.desired product as a >vhite solid. ^ , . 

30 (H) 2'-0-Acetvl-6-0>methvl- 1 5-r2-(3-quinolvnethvlV3-descladinosvlervt hromvcin A 
6-0-Methyl-15-(2K3-quinolyl)ethyl)-3-d^^^ erythromycin A (1 1.5 g, 15.5 

mmol, 1.0 eq) is dissolved in 40 mL ethyl acetate. A solution of acetic anhydride 
(2.92 mL, 3 1 .0 mmql, 2.0 eq) in ethyl acetate (35 mL) is added dropwise. The 
reaction is stirred for 30 niin and then concentrated. The material is chromatographed 

35 over silica gel to give the desired product as a white solid. 
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5 m 2'-0-Acetvl-3>descladinosvl-3-oxo-6-6-methvl-l S-f 2-f 3- 
quinolvnethvnervthromvcin A 

2'-0-Acetyl-6-0-methyi-15-(2-(3-quinolyl)ethyl)-3-desclad^^ erythromycin A (10 
g, 12.8 mmol, 1.0 eq) and l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide 
hydrochloride (16.51 g, 86.1 mmol, 6.7 eq) are combined in a round-bottom flask and 

10 flushed with Nj. The solids are dissolved in anhydrous CH2CI2 (64 mL) and cooled in 
an ice water bath. Anhydrous DMSO (15.5 mL, 218 mmol, 17 eq) is added. A 
solution of pyridinium trifluoroacetate (12.14 g, 62.9 mmol, 4.9 eq) in CH2CI2 (47 
mL) is added over 3 h. The solution is diluted with 600 mL of ethyl acetate and 
washed with sat. NaHCQ^ , water, and brine (200 mL each). The organic phase is 

15 dried over MgS04, filtered, and concentrated. Chromatography over silica gel gives 
the desired product. 

m 2'-0-Acetvl-3-oxo-3-descladinosvl-l l-methanesulfonVl-6-O-methvl-l 5-f2-f 3- 

quinolvnethvnervthromvcin A 
20 2 ' -O- Acetyl-3-descladinosyl-3-oxo-6-6-methyl- 1 5-(2-(3-qiiinoly l)ethyl)erythromycin 

A is dissolved in freshly distilled pyridine (35 mL) and cooled in an ice water bath. 

Methanesulfonyl chloride is added dropwise. The reaction is allowed to come to 

ambient temperature and stirred overnight. Ethyl acetate (700 mL) is added, and the 

solution is washed with sat. NaHCOj, water, and brine (200 mL each). The organic 
25 phase is dried over MgS04, filtered, and concentrated. Chromatography over silica 

gel gives the desired compound. 

' ' ^ . :n; : <.r,. , . . : . 

(K\ 2*-0-AcetvM 0. 1 1 -anhvdro-3-descladinosvU3-oxo-6-0-methvl-l 5-f 2-f 3- 

quinolvDethvPervthromvcin A 

30 2'-0-Acetyl-3-oxo-3-descladinosyl- 1 1 -methanesulfonyl-6-O-methyi- i 5-(2-(3- 

quinolyl)ethyl)erythromycin A (6 g, 6.98 mmoi, 1.0 eq) is dissolved in acetone (23 

mL). l,8-Diazabicyclo(5.4.6)undec-7-ene (5.22 mL| 34.9 mmol, 5.0 eq) is added 

dropwise. The reaction is stirred at ambient temperature for 4 h and tiien 

concentrated. Chromatography over silica gel gave the desired compound. 

35 

(L) 3-descladinosvl-3-oxo-6-0-methvl-15-f2-f3-quinolvnethvnervthromvcin A 11.12- 
cvclic carbamate 
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5 A solution of 2' -O- Acetyl- 10,1 l-anhydro-3-descladinosyl-3-oxo-6-0-methyl-15-(2- 
(3-quinolyl)ethyl)erythromycin A in dry tetrahydrofuran is added to a stirred 
suspension of NaH (3 eq.) in THF cooled to -10 ""C. To this is added a solution of 
carbonyldiimidazole (10 eq.) in THF/DMF (5:3), and the mixture is stirred for 2 
hours. The reaction is warmed to ambient temperature and diluted with concentrated 

10 aqueous ammonia and stirred overnight. The mixture is diluted with ethyl acetate and 
washed with aq. iSTaHCOj and brine, dried over MgS04, and evaporated. 
Chromatography on silica gel yields the product. 

Example 27 

15 In Vitro Susceptibilitv Testing 

Minimuni inhibitory concentrations (MICs) were determined by the NCCLS 
broth microdilution procedure for susceptibility testing for bacteria that grow 
aerobically (National Conunittee for Clinical Laboratory Standards, 1997. Methods 
for dilution antimicrobial susceptibility tests for bacteria that grow aerobically, 4* ed. 

20 Approved standard. NCCLS Document M7-A4; National Committee for Clinical 
Laboratory Standards, Villanova, PA.). Stock solutions were prepared .on the day of 
the test and appropriate aliquots were added to cation adjusted Mueller-Hinton broth 
(CAMHB) or Haemophilus test media, two-fold serial dilutions were prepared and 
added to wells in microtiter plates. Final test concentrations ranged from 16 to 0.015 

25 |ig/ml. Broth cultures of bacteria inoculated from growth on ovemiight plates for all 
test bacteria except Streptococcus pneumoniae and Haemophilus influenzae were 
incubated at 35°C arid then adjusted to the kirby Bauer standard and diluted in 
CAMHB to achieve a final inoculum concentration of approximately 5x10^ CFU/ml. 
Inocula for S, pneumoniae arid K influenzae were prepared by directly suspending 

30 colonies from an overnight plate, adjusting the turbidity arid diluting as above. S. 
pneumoniae media was supplemented with 2.5% lysed horse blood. All plates were 
incubated in ambient air at 35°C for 20-24 h for S, pneumoniae and Haemophilus 
influenzae and 16-20 h for all other bacteria. 

35 The MIC endpoints were determined by reading the lowest concentration of 

test compound that completely inhibited the growth of the test bacteria. 
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5 Table 1. 'H-NMR and Mass Spectral Data for Selected Compounds (I) of the 
Invention 



10 



15 




OH 



"O, 



Compound 


X 


R6 




R 


Spectroscopic Data 


A 


H 


0CH3 


CHj 




M-i-ir = 782 


B 


H 


0CH3 




0 


M+H" = 810 


C 


H 


0CH3 


CH3 




'H-NMR (300 MHz, 
CHCI3) 8 8.43 (d, 
IH), 8.15 (s, IH), 
8.08 (d, IH), 7.17- 
7.14 (m, IH), 5.20 
(m, IH), 4.42-4.10 

(m, 4H), 3.8-3.43 (m, 
4H), 3.38-3.0 (m, 
4H), 2.98-2.86 (m. 

. 2H), 2.62 (s, 3H), 

2.57 (s, 6H), 2.1-1.10 
(m,31H) 


D 


H 


0CH3 


CHj 




M+H* = 772 
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E 


H 


OCH3 


CH=CH2 


0 


M+H^ = 798 


F 


H 


OCH3 


CH=CH, 




'H-NMR (300 MHz, 
CHCI3) 6 8.43 (d, 
IH), 8.15(s, IH), 
8.08 (d, IH), 7.17- 
7.14 (m, IH), 6.05- 
5.93 (m, IH), 5.45- 
5.30 (m, 2H), 5.39 (s, 
IH), 5.20 (s, IH), 
4.42-4.10 (m, 4H), 
3.8-3.43 (m, 4H), 
3.38-3.0 (m, 4H), 
2.98-2.86 (m,2H), 
2.62 (s, 3H), 2.57 (s, 
6H), 2.1-1.10 (m, 
26H), 0.95 (d, 3H) 


G 


H 


OCH3 


CH=CH2 


^} 

N 


'H-NMR (300 MHz, 
CHCl,) 6 8.59 (d, 
IH), 8.15 (s, IH), 
7.76 (d, IH), 7.17- 
7.14 (m, IH), 6.11- 
5.93 (m, IH), 5.45- 
5.30 (m, 2H), 5.22 (s, 
IH), 5.17 (s, IH), 
4.30-4.10 (m, 4H), 












3.8-3.43 (m, 4H), 
3.28-3.12 (m, 4H), 
2.98-2.86 (m, 2H), 
2.62 (s, 3H), 2.48- 
2.39 (m, IH), 2.38 (s, 
6H), 2.1-1.10 (m, 
26H), 1.1 (d, 3H) 


H 


H 


OCH3 


CH2CH2CH3 




M+H* = 826 
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J 


H _ 


PCH3 


CH2QH2CH3 




M+H: = 800 


K 


H 


OCHj 


CH2CH2 CH3 




M+H* = 800 


L 


H 


OCH3 


CH2CH2CH3 




'H-NMR (300 MHz, 
CHCI3) 5 8.59 (d, 
IH), 8.09 (s, IH), 
7.78 (d, IH), 7.17- 
7.14 (m, IH), 5.95- 

5.71 (m, 2H), 4.95 (d, 
IH), 4.81 (d, IH), 
4.42-4.10 (m,4H), 
3.62-3.43 (m, 2H), 
3.32-3.0 (m, 4H), 
2.57 (s, 3H), 2.48- 

2.39 (m, IH), 2.30 (s, 
6H), 1.72- 1.10 (m, 
30H), 0.95 (d, 3H), 
0.85 (t, 2H) 


M 


H 


OCH, 


CH2CH2 CH3 




'H-NMR (300 MHz, 
CHCI3) 5 9.20 (s, 
IH), 8.43 (d, IH), 

8.02 (s, IH), 7.41 (d, 
IH), 5.15 (m, IH), 

A A 1 /\ / A T T\ 

4.42-4.10 (m, 4H), 
3.82-3.42 (m, 5H), 
3.32-3.02 (m, 4H), 
2.57 (s, 3H), 2.48- 
2.39 (m, IH), 2.30 (s, 
6H)^2.10-0.95 (m, 
39H) 


N 


H 


OCH3 


CH2CH2CH3 




'H-NMR (300 MHz, 
CHCI3) 5 9.20 (s, 
IH), 9.01 (s. IH), 

0.1/ i^s, ixi^, H.yj ^cx, 
IH), 4.42-4.10 (m, 
4H), 3.82-3.42 (m, 
5H), 3.32-3.02 (m, 
4H), 2.57 (s, 3H), 
2.48-2.39 (m, IH), 
2.30 (s,6H), 2.10- 
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0.95 (m, 24H), 0.95 
(d, 3H), 0.85 (t, 2H) 


o 


F 


OCHj 


CH2CH2CH3 




'"C-NMR (75 MHz, 
CDCI3) 6 216.6, 
202.7 (d, 7= 28.0 
Hz), 166.5 (d, J= 
23.0 Hz), 157.3, 
156.3, 145.0, 144.8, 
126.0, 118.0, 118.0, 
104.3, 97.8 (d,J= 
204.9 Hz), 82.1,80.7, 

78.6, 70.4, 69.7, 65.8, 

60.7, 53.5, 49.2, 45.0, 
44 5 42 4 40 9 40 2. 
39.5, 39.2, 30.9, 28.2, 
27.3, 25.2(4 J =-22.3 
Hz), 24.4,21.2, 19.8, 
19.1, 17.9, 15.0, 14.7, 

13.7, 13.6. MH-H* = 
818 


p 


H 


H 


.. CH2CH2CH3 


N u 


'H-NMR (300 MHz, 
CHCUY5 9 10 fs 
IH), 8.52 (s, IH). 
8.17 (d, IH), 7.60 (s, 
IH), 6.42 (s, IH), 
.4.42-4.21 (m, IH), 
4.12-3.95 (m, 2H), 
3 65- 0 85 (m. 58H) 


Q 


H 


H 


CH2CH2 CH3 




M-i-H* = 770 



i5 
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S Table 2. In Vitro Susceptibility (MIC in ng/ml) 



Compound 


Microorganism 


E. coli 
OC2605 


S. aureus 
ATCC29213 


E* faecalis 
ATCC29212 


S* pHBuntotiiaB 
ATCC49619 


OC4883 


Erythromyci 
n 


>16 


0.5 


1 


0.06 . 


~- . 1 


A 


>16 


0.25 


0.12 


0.03 


'■ 8 


B 


>16 


0.5 


0.25 


0.03 " 


16 


C 


>16 


2 


0.5 




>16 


D 


>16 
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5 

CLAIM^ 

We claim: 

10 

1 . A compound of. the formula I: . 



15 




.wherein: .. .. . . , . ^ - . 

20 X is H, F, CI, Br, or I; 

R, is selected from H,-COCH3 and -COPhenyl; 

is selected from H. and -O-R^ where R, is substituted or unsubstituted alkyl (C,- 
C,o), substituted or unsubstituted alkenyl (C2-iC,o), or substituted or unsubstituted 
alkynyl(C2-C,o) ; 

25 R,3 is selected from H, (C, - Cg) alkyl, 1 -alkenyl (C^-Cg), 1-alkynyI (Cj-Cg), 

substituted (C, - C8)alkyl, and -CHj-R" where R" is selected from H,XC, - Cg) alkyl, 
substituted (Cj - C8)alkyl, cycloalkyl, alkenyl (C,- Cg), alkynyl (C2-C8), aryl, 
substituted-aryl, (C, - Cg) alkylaryl, heterocyclo, and substituted heterocyclo; 
provided that Rjj can not be ethyl; 

30 R is selected from H, aryl, substituted-aryl, heterocyclo, substituted-heterocyclo, 
cycloalkyl, Cj-Cg-alkyl and Cj-Cg-alkenyl optionally substituted with one or more 
substituents selected from the group of aryl, substituted-aryl, heterocyclo, substituted- 
heterocyclo, hydroxy, Cj-Cg-alkoxy; 
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5 and the pharmaceutically acceptable salts, esters and pro-drug forms thereof. 

2. The compound of claim 1 wherein: 
XisHorF; 

R, is as described above, 

10 is selected from H and (C, - Cg) alkoxy; 

R,3 is selected from H, (C, - Cg) alkyl, 1-alkenyl (C.-Cg) (particularly vinyl), 1- 
alkynyl (Cs-Cg), haloalkyl, and -CH2-R" where R" is selected from H, (C, - Cg) alkyl, 
haloalkyl , 1-alkenyl (Cj-Cg), 1-alkynyl (C^Cg), phenyl, and (C, - Cg) alkylphenyl 
(such as benzyl and phenethyl); 

15 provided that R,3 can not be ethyl; 

R is selected from H, aryl, substituted-aryl; heterocyclo, substituted-heterocyclo, 
cycloalkyl, C,-Cg-alkyl and CrCg-alkenyl optionally substituted with one or more 
substituents selected from the group of ajyl, substituted-aryl, heterocyclo, substituted- 
heterocyclo, hydroxy, C^Cg-alkoxy; 

20 and the pharmaceutically acceptable salts, esters and pro-drug forms thereof. 

3. The compound of claim 2 wherein R is selected from H, phenyl and C,-Cg-alkyl 
optionally substituted with one or more substituents selected from the group of 
phenyl, hydroxy, and C,-C6-alkoxy and the following substituted heterocyclo groups 




30 ... 

4. A compdiind of the fonhulai: 
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O 




wherein; r - 

10 X is H, F, CI, Br, or I; 

Rfi is selected from H and (Cj - Cg) alkoxy; 

R,3 is selected from (C, - Cg) aikyl, 1-alkenyl (Cj- Cg), 1-alkynyl (Cj- Cg), 
substituted (C, - Cg^alkyl, and -CHi^R" where R" is selected from H, (C, ^ Cg) alkyl, 
substituted (C, - Cg)alkyl, cycioalkyl, alkeriyl (Cj- Gg), alkyhyl (C2- Gg), aryl, 
1 5 substituted-aryl, (C, - C) alkylaryl; heterocyclo, and substituted Beterocyclo; 
provided that R,3 can not be ethyl. ^ 

5. A compound of the formula: 



20 




25 wherein: ^ ■ v.;.- . • v, 

X is H, F, CI, Br, or I; ' ^ ^ , ^ . ^ . 

R6 is iselected from H and (C, - Cj) alkoxy; - ' ' 

R13 is selected from H, (C, - Cg) alkyl, l-alkenyl (C^-C^), Ualk^yl (Cj- Cg), 
substituted (C, - C8)aLlkyl, and -CHj-R" where R" is selected from H, (C, - Cg) alkyl, 
30 substituted (C, - C8)alkyl, cycioalkyl, alkenyl (C;- Cg), alkynyl (C,- Cg), aryl, 
substituted-aryl, (Cj - Cg) alkylaryl, heterocyclo, and substituted heterocyclo; 
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5 provided that R,3 can not be ethyl; and 

is hydrogen or a hydroxyl protecting group. 

6. The compound of claim 1 wherein substituted heterocyclo is selected from moieties 
of the formula: 

10 




15 7. The compound of claim 1 wherein : 

X is H or F; 

R, is as described in claim 1 , . , ; 

R^is -OrRa where R^ is substituted pr unsubstituted alkyl (C,-Cio), substituted or 
.! * unsubstituted alkenyl .CCjrCjo),; or, substituted or unsubstituted alkynyl^^^ ; 
20 R,3 is selected from H, (C, - Q) allc^l, l-al>cenyl (Cj-C^), 1-alkynyl (C^rC^X 

haloalkyl, and -CH^-R" where R" is selected fr9m H, (C, - Cg) alk>rl, haloalkyl , 1- 
alkenyl (Cj-Cg), 1-alkynyl (Cj-Cg), phenyl, andL(Cj - Cg) alkylpheiiyl; 
provided that R13 can not be ethyl; 
RisH; 

25 and the pharmaceutically acceptable salts, esters and pro-drug forms thereof. 

8. The compoimd of claim 1 vvherein: 
X is H, F, CI, Br, or I; : . 
R2 is selected from H,-COCH3 and -COPhenyl; 

30 Rg is selected from H and -O-R3 where R^ is selected from optionally substituted 3- 
(quinolin-3-yl)prop-2-enyl, optionally substituted 3-(quinohn-3-yl)prop-2-ynyl, 
optionally substituted 3-(quinolin-6-yl)prop-2-enyl, optionally substituted 3-(quinolin- 
6-yl)prop-2-ynyl, optionally substituted 3-(quinolin-7-yl)prop-2-enyl, optionally 
substituted 3tphenylprop-2-enyl, optionally substituted 3T(naphth-l-yl)prop-2-enyl, 

35 optionally substituted 3-(naphth- 1 -yl)prop-2-ynyl, optionally substituted 3-(naphth-2- 
yl)prop-2-enyl, optionally substituted 3-(naphthT2-yl)prop-2-ynyl, optionally 
substituted 5-phenylpent-4-en-2-ynyl, optionally substituted 3-(fiir-2-yl)prop-2-ynyl, 
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5 Optionally substituted 3-(thien-2-yl)prop-2'-enyl, optionally substituted 3-(carba2ol-3- 
yl)prop-2-enyl, and optionally substituted 3-(quinoxalin-6-yl)prop-2-enyl; 
R,3 is'selected from' H, (C, - Cg) alkyl, l-aakenyl (Cz-Cg), 1-alkynyl (Cj-Cg), 
substituted (C, - C8)alkyl, and -CH2-R" whei-e R" is selected from H, (C, - Cg) alkyl, 
substituted (C, - C8)alkyl, cycloalkyl, alkenyl (C,- Cg), alkynyl (Cj-Cg), aryl, 

10 substituted-aryl, (C, - Cg) alkylaryl, heterocyclo, and substituted heterocyclo; 
provided that R^j can not be ethyl; 

R is selected from H, aryl, substituted-aryl, heterocyclo, substituted-heterocyclo, 
cycloalkyl, Cj-Cg-alkyl and Cj-Cg-alkeriyl optionally substituted with one or more 
substituents selected from the group of aryl, substituted-aryl, lieterocyclo, substituted- 
15 heterocyclo, hydroxy, Cj-Cg-alkoxy; 

and the pharmaceutically acceptable salts, esters and pro-drug forms thereof. 

9. The Compoxmd of claim I where X = H, R^ = H,' R,3 = methyl, R = quinolin- 
4-ylbutyL 

10. The Compound of claim i where X = F,' R^ = H, R,3 = methyl, R = iquinolin-4- 
20 ylbutyl. 

11: The Compound of claim 1 where X = H, l^lg = OCH3, R13 = methyl, R = 
quinolin-4-y Ibutyl. 

12. The Compound of claim 1 where X = F, R^ = 6CH3, R13 = methyl, R 
quinolin-4-y Ibutyl. 

25 13. The Compound of claim 1 where X = H,'^^^ = H, Ru = methyl, R = 4- 
phenylimidazol- 1 -ylbutyl. 

14. the Compound of claim 1 where X = F, R^ = H, R,3 = methyl, R - 4- 
phenylimidazol- 1 -ylbutyl. 

1 5. The Compound of claim 1 where X = ti, Rg = OCTHij; R,3 ='niethyl, R = 4- 
30 phenylimidazol- 1 -ylbutyl. 

1 6. The Compound of claim 1 where X = F, = OCH3; R,3 = methyl, R = 4- 
phenylimidazol- 1 -ylbutyl. 

1 7. The Compound of claim 1 where X = H, ^ = H, R13 = methyl, R = 4-(pyridin- 
3-yI)imidazoM -ylbutyl. 

35 18. The Compound of claim 1 where X = F, X = R13 =^ methyl, R = 4-(pyridin- 
3-yl)imida2ol-l -ylbutyl. 
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5 19. The Compound of claim 1 where X = H, = OCH3, R13 = methyl, R = 4- 
(pyridin-3-yl)imiclazol-l-ylbutyl . 

20. The Compound of claim 1 where, X f F, R^ = OCH3, R13 = methyl, R = 4- 
(pyridin-3-yl)imidazol-l-ylb^tyl. . 

21 . The Compound of claim 1 where X = H, R^ = H, ,R,3 = methyl, R = pyridin-4- 
10 ylbutyL 

22. The Compoimd of claim 1 where X = F, R^ = H, R13 = methyl, R = pyridin-4- 
ylbutyL ^ 

23. . The Compound of claim 1 where X = H, R^ = OCH3, R,3 = methyl, R = 
pyridin-4-y Ibuty 1 . , 

15 24. The Compound of claim 1 where X = F;, R^ = OCH3, R,3 = methyl, R = 
pyiidin-4-ylbutyL 

, : 25. The Compound of claim 1 where X = H, R^ = H, R,3 = methyl,. R = 3//- 

imidazo[4, 5 -b]pyridin-3 -ylbutyl. 
. 26. . The Compound of claim 1 where X = F, R^ = H, R,3 = methyl, R = 3i/- 
20 imidazo[4,5-b]pyridin-3-ylbutyl. 

27. . The Compound of claim 1 where X = H, R^ = OCH3, R13 = methyl, R = 3^- 
imidazo[4,5-b]pyridin-3-ylbutyl. 

28. The Compound of claim 1 where X = F, R^ = OCH3, R,3 = methyl, R = 3^- 
imidazo[4,5-b]pyridin-3-ylbutyl. 

25 29. : The Compound of claim 1 where X = H, R^ = H, R.,^ = n^ethyl, R = IH- 
imidazo[4,5-b]pyridin- 1 -ylbutyl. 

30. . The Compoimd of claim 1 where X = F, R^ = H, R,3 = niethyl, R = 1//- 
imida2o[4,5-b]pyridin- 1 -ylbutyL 
. 31. _ The Compound of claim 1 where X = H, R^ = OCH3, R,3 = methyl, R = IH- 
30 imidazo[4,5-b]pyridin-l -ylbutyl. 

32. . The Compound of claim 1 where X = F, R^ = OCH3, R,3 = methyl, R = IH- 
imidazo[4,5-b]pyridin- 1 -ylbutyl . 

33, The Compound of claim 1 where X = H, R^ = H, R,3 = w-propyl, R = 4- 
(pyridin-3-yl)imidazol- 1 -ylbutyl. 

35 34. . The Compound of claim 1 where X = F, R^ = H, R13 = /i-propyl, R = 4- 
(pyridin-3-yl)imidazol- 1 -ylbutyl. 
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5 35. The Compound of claim 1 where X = H, Rg = OCH3, R13 = n-propyl, R = 4- 
(pyridin-3-yl)imidazol- 1 -ylbutyl. 

36. The Compotmd of dam wherd X = F7R~6 = OCH3, R,3 = /i-prbpyl, R = 4-" 
(pyridin-3-yl)imidazol- 1 -ylbutyl. 

37. The Compound of claim I where X = H, R!^ = OCH3, = w-propyl, R = IH- 
10 imidazo[4,5-c]pyridin-l -ylbutyl. 

38. The Compound of claim 1 where x'= F, R^ = OCH3, R,3 = /i-prdpyl, R = IH- 
imidazo[4,5-c]pyridin-l -ylbutyl. * 

39. The Compound of claihi 1 where X= H, R^ = OCH3;Rj3 = w-propyl, R = 3H- 
imidazo[4,5-c]pyridin-3-ylbutyl. 

15 40. the Compound of claim 1 where X = F, R^ = OCH3, Rjj ^ w-propyl, R = 3//- 
imidazo[4,5-c]pyridin-3-ylbutyl. 

41 . The Compound of claim 1 wKere X = H, R^ = OCH3, R,3 =^ w-prbpyl, R = 
purin-7-ylbutyl. ' 

42. The Compound of claim 1 where X = F, R^ = OCH3, R13 = w-propyl, R = 
20 purin-7-ylbutyL 

43. The Compound of claim 1 where X = H, R^ = OCHj, R,3 = w-propyl, R = 
purin-9-ylbutyl. 

44. the Compound of claim 1 where X = F, R^' = OCH3, R,3 = /i-propyl, R = 
purin-9-ylbutyL 

25 45. The Compound of claim ! where X = H, R;*^ 6CH3, RV3 === ^i-propyl, R = IH- 
imidazo[4,5-b]pyridin-l-ylbut-2-enyl. - - . 

46. The Compound of claim 1 where ic = F, R^ = OCH3, R,3 = /2-propyl, R = 1//- 
imidazo[4,5-b]pyridin-l-ylbut-2-enyl. 

47. The Compound of claim 1 where X = H, R^ = H, R,3 = /i-propyl, R = 4- 
30 (pyrimidin-5-yl)imida2ol-l -ylbutyl. 

48. The Compound of claim 1 where X = F/R^ = C)'CH3, R,3 = w-propyl, R = 4- 
(pyrimidin-5-yl)imida2oM -ylbutyl. 

49. The Compound of claim 1 where X = H, R<s = H, R13 = 7i-propyl, R = 1//- 
imidazo[4,5-b]pyridin- 1 -ylbutyl. 

35 50. The Compound of claim 1 where X = F, R^ = H, = fi-propyl, R = IH- 
imidazo[4,5-b]pyridin- 1 -ylbutyl. 
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5 5 L The Compound of claim 1 where X = H, = H, R,3 = n-propyl, R = 3//- 
imidazo[4,5-b]pyridin-3-ylbutyl. 

52. The Compound of claim 1 where X f= F, Rfi = H, R^^ = w-propyl, R = 3H- 
imidazo[4,5-b]pyridin-3-ylbutyl. 

53 . The Compound pf claim 1 where X = H, R^ = OCHj, R,3 = n-propyl, R = 3//- 
10 imidazo[4,5-b]pyridin-3-ylbutyl. 

54. The Compound of claim 1 where X - F, Rg = OCH3, R,, = K-propyl, R ^ 3H- 
imidazo[4,5-b]pyridin-3-ylbutyL 

55. . The Compound of claim .1 where X = H, R^ = H, R,3 = vinyl, R == 4- 
phenylimidazol- 1 -ylbutyl. 

15 56. The Compound of claim 1 where X = F, R^ = H, R13 = vinyl, R = 4- 
phenylimidazol- 1 -ylbutyl. 

57. . The Compound of claim 1 >yhere X = H, R^ OCH3, R,3 = vinyl, R = 4- 
phenylimidazol- 1 -ylbutyl. 

58. . The Compound of claim 1 where X = F,,R^ = OCH3, R,3 = vinyl, R = 4- 
20 phenylimidazol-1 -ylbutyl. 

59. The Compound of claim 1 where X = H, R^ H, R13 = yinyl, R = 4-(pyridin-3- 
yl)imida2ol- 1 -ylbutyl. 

60. .The Comppund>of qlaiml where X = F, R^ = H, R,3 = vinyl, R = 4-(pyridin-3- 
yl)imidazol-l -ylbutyl. 

25 . 64 . The Compound^pf claim 1 >yhere X = H. R^ = OCH3, R13 = vinyj, R = 4- 
(pyridin-3-yl)imidazol-l -ylbutyl. v ... : . 

62. . The Compound of claim 1 where X = F, R^ = OCH3, R,3 = vinyl, R = 4- 
(pyridin-3-yl)imidazol- 1 -ylbutyl. 

63 . ; The Compound of claim 1 where X = H, R^ = H, R,3 = vinyl, R = 4- 
30 (pyrimidin-5-yl)imidazol-l -ylbutyl. ... 

64. : . „ The Compound of claim 1 where X = F, R^ = H, Rp yinyl, R = 4-(pyrimidin- 
5-yl)imidazol- 1 -ylbutyl. 

. 65. . The Compound of claim 1 where X = H, R^ = OCH3, R13 = vinyl, R = 4- 
(pyrimidin-5-yl)imidazol- 1 -ylbutyl. 
35 66. . The Compound of claim 1 where X = F, R^ = OCH3, R,3 = vinyl, R = 4- 
(pyrimidin-5-yl)imidazol- 1 -ylbutyl. 
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5 67. The Compound of claim 1 where X = H, = H, R,3 = vinyl, R = 3//- 
imida2o[4,5-b]pyridin-3-ylbutyl. 
" 68. The Compound of claim r where X = F, R; = H, R,3 = vinyl, R = 3//- 
imidazo[4,5-b]pyridin-3-ylbutyl. 

69. Tne Compound of claim 1 where X = H, R^ == OGH3, R,3 = vinyl, R = 
10 imidazo[4,5-b]pjnridin-3-ylbutyL 

70. The Compound of claim 1 where X = F, R^ = OCH3, R,3 = vinyl, R = 3//- 
imida2o[4,5-b]pyridin-3-ylbutyL 

71 . The Compound of claim 1 where X = H, R^ = H, R,3 = methyl, R = li/- 
'imida2o[4,5-b]pyridin- 1 -ylbiityl. 

15 72. The Compound of formula I whereX - F, R^ = H, R,3 = methyl^iR = 1//- 
imidazo[4,5-b]pyridin-l-ylbutyL . 

73. The Compound of claim 1 where^X = H, R^ = PCH3, R,3; = methylf R.= IH- 
imid?izo[4,5-b]p.yridin-l-ylbutyL . 

74. The Compound of claim^ 1 where X ^% R^ = OCHj, R,3 methyl, R =^ 1//- > 
20 imidazo[4,5-bjpyridin-l-ylbutyl. 

75. - A phamiaceutical composition fprdreat^^ 

effective amount of a compound selected frdim claim 1 in associS^^^ a . ' 

pharmaceiUically acceptable carrier. ; . . . 1^^^ - ' 1 : . 

76: A method of treating bacterial infections in mammals by administering to 
25 such mammal suffering from such infection a therapeutically acceptable amount of a 
compound selected from claim 1. 
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